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A STUDY OF NOON IONIZATION IN RELATION TO ’ 
GEOMAGNETIC CO-ORDINATES 

J. N. BHAR AMD P, DHAR BHOWMIK 

IlTfJTITUTE OF EiAOIO PHYSICS AND ELBICTIldNIOS, UNliVjaiBBITY OF CALCUTTA 
(iieceweti for publication^ October 10, 1968) 

ABSTRACT. The relation of layer noon critical frequency with magnetic dip and 
geomagnetic latitude lb studied for constant values of solar zenithal angle. The constant-x 
plots show two maxima situated on the two sides of the magnetic equator. An asymmetry 
between the northern and southern hemispheres is also revealed. 

For chosen vhlues of solar zenith distance the ratio of noon fF.j at sunspot maximum 
to that at aimapot minimum is studied in relation to magnetic dip. The ratio is found to 
vary with magnetic dip displaying a minimum to the north of the magnetic equator. 

1. INTRODUCTION 

Chapman’s theory of solar ultraviolet radiation producing the ionospheric 
layers in the upper atmosphere was based on certain simplifying assumptions. 
Tnspite of this, the theory explains with remarkable success* not only the 
variations in lime of the E layer ionization but also its geographical distribution. 
Routine ionospheric soundings carried out for nearly two decades at stations 
scattered all over the world have firmly established the validity of this theory 
in th6 case of the E layer, so much so that the nature of variations following from 
Chapman’s Law has come to be regarded as “normal”. Any departure from this 
is considered as abnormal or anomalous. 

In this sense, the observed variations of the Fg layer characteristics are found 
to bo anomalous. One aspect of such anomaly was first |di8closed hy Appleton 
and Naismith (1935) who in thoir studies of the seasonal variations of Fg layer 
ionization noticed that, /Fg was less at summer noon than at winter noon, oontraay 
to what is expected from Chapman’s theory. Another aspect of the anomalous 
behaviour of the Fg layer was also strikingly demonstrated by Appleton (1946) 
who showed that under equinox noon conditions “there is a belt of low values 
of/oFg circling the earth and centred roughly on the magnetic equator 

This equatorial belt effect has been studied subsequently by many workers 
(Appleton 1950, 1954; Liang 1947 ; Bailey 1948; Maeda 1956); however, these studies 
have been made by plotting the value of /Fg at a given local time at a particular 

*The remarks apply in regard to the general behaviour of £ layer ionizatiem. In 
hnei details, however, certain departures from Chapman's Law have been revealed, atten^* 
tion to which has been drawn by Appleton and Lyons (1057), 

1 
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epoch of the annual solar cycle against one or other of the geomagnetic co- 
ordinates. )Suc’h a plot obviously includes the possible variations of /Fg due to 
varying zenithal angle x fhe sun for stations situated at different geographical 
latitudes. For example, the solar zenith distance at Singapore (Geographical 
Latitude ].3°N) at noon on the equinox day is about 1°, while on the same day 
the noon value of x Slough (Geographical Latitude 51.&°N) is about 52®. 
According to Chapman’s theory the wide difference in the x value must by itself 
Xiroduce substantial difference in /Fg at the two stations. In order to have a 
correct picture of the dependence of Fg ionization on the geomagnetic field, this 
contamination due to variation of solar zenith distance must be eliminated. Such 
a plot should be very useful in examining the manner in which the terrestrial 
magnetic field might, to the exclusion of other factors, control the geographical 
distribution of ionization produced by the solar rays. \ 

In a recent note (Bhar U)57) published elsewhere the true relation betweeiV 
noon /F.g and magnetic dip after the elimination of the effect of solar zenith^ 
distance variation from place to place has been depicted using data- for the year 
1953. In the xircsent paper, the same work has been extended making use of data 
collected over the iioriod 1952-1955. Certain important aspects of/F.^ behaviour 
have been discussed on the basis of the observed data. 

2. C O N S T A N T - X P L 0 T S 

The effect on noon /Fg caused by the difference in solar zenith distance at 
different stations has been eliminated by plotting the noon values of /Fg against 
magnetic dip or geomagnetic latitude— keeping the solar zenith distance x ^ 
fixed parameter instead of the equinox or any other exioiih of the year. In 
other words, for stations at different geographical latitudes, such days of the year 
are selected as to give the same value of x noon for all the stations. For 
convenience, a table may first be prepared showing the dates on which Xnoon 
assumes certain selected values at the different stations. Table I given below 
is compiled to indicate the dates during the year on which Xnoon 
ferent stations assume the values 0°, 10®, 20®, 30°, 40°, and 50°. (This is 
followed by Table II which gives the location of each station in geographical 
as well as in geomagnetic co-ordinates). For each year, for a particular value 

Xnoon “-nd for a given station, noon /Fg data for five days centred round the 
date shown in Table I is averaged. In cases where a particular value of Xnoon 
is attained on more than one date, five days centred round each of these dates 
are taken and values of noon /Fg for all these days are averaged. This 
average value is taken as the representative value of noon /Fg of the station oon- 
oerned for the chosen zenith distance. A graph obtained by plotting such values ^ 
of /Fg against location (i.e., geographical latitude, geomagnetic latitude or 
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magnetic dip) for different stations for a particular Xmon sake of brevity, 

be called a oonsiant-^Y plot. 


TABLE I 

Bates on which solar zenith distance x assumes certain specified 
values at noon at different stations 


Dates for Dates for Dates for Dates for Dates for Dates for 
Station which which which which which which 

Xwoon— Xnoo7? = 10‘‘ = Xnoon“30° Xwoon^^O” Xfioon —^0° 


akita 

— 


— 


May 

19 

Apr. 

15 

Mar. 

20 

Feb. 

23 






July 

25 

Aug. 

28 

Sep. 

24 

Oot. 

20 

Dagnoux 

— 


— 


— 


May 

15 

Apr. 

12 

Mar. 

18 








July 

29 

Aug. 

31 

Sep. 

26 

Bombay 

May 

16 

Apr. 

13 

Mar. 

18 

Feb. 

21 

Jan. 

17 




July 

28 

Aug. 

30 

Sep. 

26 

Oct. 

22 

Nov. 

27 



Brisbane 




Fob. 

1 

Mar. 

1 

Mar. 

27 

Apr. 

23 

Juno 

5 




Nov. 

12 

Oct. 

13 

Bop. 

17 

Aug. 

20 

July 

8 

Calcutta 

Jime 

6 

Apr. 

23 

Mar. 

27 

Mar. 

2 

Feb. 

1 





July 

7 

Aug. 

20 

Sep. 

17 

Oct. 

12 

Nov. 

11 



Canberra 






Feb. 

8 

Mar. 

7 

Apr. 

2 

Apr, 

30 






Nov. 

4 

Oct. 

7 

Sep. 

11 

Aug. 

13 

Capetown 



— 


Feb. 

12 

Mar. 

10 

Apr. 

5 

May 

4 





Nov. 

1 

Oot. 

4 

Sep. 

8 

Aug. 

9 

Casablanca 






Apr. 

27 

Mar. 

30 

Mar. 

4 

li’eb. 

5 






Aug. 

17 

Sep. 

14 

Oot. 

10 

Nov. 

8 

Christchurch 






Dec. 

22 

Feb 

14 

Mar. 

12 

Apr. 

6 








Oot. 

29 

Oct. 

2 

Sep. 

6 

Dakar 

Apr. 

.30 

Apr. 

1 

Mar. 

7 

Fob. 







Aug. 

13 

Sep. 

11 

Oct. 

7 

Nov. 






Delhi 




May 

14 

Apr. 

12 

Mar. 

17 

Feb. 

20 

Jan. 

15. 




July 

30 

Sep. 

1 

Sep. 

27 

Oct, 

23 

Nov. 

29 

Djibouti 

Apr. 

20 

Mar. 

24 

Fob. 

28 

Jan. 

28 

, 





Aug. 

23 

May 

28 

Got. 

15 

Nov. 

15 







July 

16 












Sep. 

19 









Falkland Is. 








Jan. 

13 

Feb. 

20 

Mar, 

16 







Dec. 

1 

Oot. 

24 

Sep. 

27 

Freiburg 





_ 


May 

12 

Apr. 

11 

Mar. 

16 







Aug. 

1 

Sep. 

2 

Sep. 

^7 

Hobart 





Jan. 

4 

Feb. 

16 

Mar. 

14 

Apr. 

8 





Dec. 

0 

Oct. 

27 

Sep. ' 

30 

Sep. 

4 

Huanoayo 

Feb. 

18 

Jan. 

11 

Apr. 

10 

May 

12 





Dot. 

25 

Mar. 

16 

Sep. 

2 

Aug. 

1 
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TABLE I (con(d.) 

Dates for Dates for Dates foi Dates for Dates for Dates for 
Station which which which which which which 



^noon — 

0” XfMon — 

10“ 

X-nom — 

20“ Xn0»n — 

30“ : 

^noon 

40“ ; 

Xnoo» — ^ 

50“ 

Ibadan 

April 

9 

Mar. 

14 

Fob. 

10 

Jan. 

0 







Sept. 

4 

May 

9 

Oct. 

27 

Doc 

7 







Aug. 

4 












Sej). 

30 









IriTOmoHS 









May 

9 

Apr. 

9 










Aug. 

4 

Sep. 

4 

Johannesbui'g 




Fob. 

.5 

Mar 

.5 

Mar. 

30 

Apr. 

27 

Jim© 

21 



Nov. 

7 

Oct. 

9 

Sep. 

13 

Aug. 

10 



Khartoum 

May 

3 

Apr. 

4 

Mar. 

9 

h’ob 

11 








Aug. 

10 

Sep. 

0 

Oct. 

4 

Noa’^. 

1 





Macquario 









Fob. 

11 

Mar. 

c 









Nov. 

1 

Oct. 

C 

Madras 

Apr. 

25 

Mar. 

28 

Mar. 

3 

Feb. 

3 








Aug. 

19 

June 

10 

Oct. 

11 

Nov. 

10 








July 

3 












Sep. 

15 









Mam 

May 

2<1 

Apr. 

18 

Mar. 

23 

Feb. 

26 

Jan. 

2.5 





duly 

11) 

Aug. 

26 

Sep, 

21 

Oct. 

17. 

Nov. 

18 



Nairobi 

Mar, 

IK 

Fob. 

21 

Jau. 

17 










Sep. 

26 

Apr. 

13 

May 

10 










Aug. 

30 

July 

28 










Oct. 

22 

Nov, 

27 







Okinawa 




May 

6 

Aiir. 

0 

Mar. 

11 

Feb. 

7 






Aug. 

8 

Sep. 

7 

Oct. 

3 

Nov. 

5 



Panama 

Apr. 

14 

Mar. 

19 

Feb. 

22 

Jan. 

19 







Aug. 

29 

May 

18 

Oct, 

21 

Nov. 

24 







July 

20 












Sep. 

25 









Puerto Ki(io 

May 

14 

Apr. 

12 

Mar. 

17 

Feb. 

20 

Jan. 

15 





July 

30 

Sep. 

1 

Sep. 

27 

Oct. 

23 

Nov. 

28 



Poitiers 

— 


_ 





May 

0 

Apr. 

7 

Mar. 

12 








Aug. 

7 

Sep. 

0 

Oct. 

2 

Baratonga 

Jan. 

15 

Feb. 

20 

Mar. 

17 

Apr. 

12 

May 

13 





Nov. 

28 

Oct. 

23 

Sep. 

20 

Aug. 

31 

July 

31 



Shihata 






May 

11 

Apr. 

10 

Mar. 

15 

Feb: 

18 






Aug. 

2 

Sep. 

2 

^ep. 

28 

Oct. 

25 

Singapore 

Mar. 

24 

Feb. ; 

27 

May 

27 










Sep. 

20 

Apr. 

20 

July 

17 










Aug. 

24 












Oct. 

16 









Slough 




— 





May 

28 

Apr. 

20 

Mar. 

24 








July 

15 

Aug. 

28 

Sep. : 

10 

Tananarive 

Jon. 

27 

Feb. 

27 

Mar. 

24 

Apr. 

19 

May 

27 





Nov. 

17 

Oct. 

16 

Sep. 

20 

Aug. 

24 

July 

17 
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TABLE I (contd.) 


Bates for Bates fov Bates tor Bates for Bates for Dates for 
Station which which which which wliioh which 

Xfioon^^ It) Xnoon = 20“ XnooM — ^0" Xnoon ”*^0° 


Tiruohy 

Apr. 

18 

Mar. 

23 

Feb. 

26 

Jan. 

25 








Ang. 

25 

May 

24 

Oct. 

17 

Nov. 

18 








July 

20 












Sop. 

21 









Tokyo 

— 




May 

3 

Apr. 

4 

Mar. 

10 

Feb. 

11 






Aug. 

10 

Soi>. 

K 

Oct. 

4 

Nov. 

1 

Townsville 

Jan. 

25 

Feb. 

26 

JNlai. 

22 

Apr. 

18 

May 

24 





Nov. 

19 

Oct. 

17 

Sep. 

21 

Aug. 

25 

July 

20 

— 


IT psaltt 





— 





May 

19 

Apr. 

15 










July 

25 

Aug. 

28 

Wakkonai 




— 





May 

2 

A])r. 

3 

Mar. 

9 








Aug. 

11 

Sop. 

9 

OoL 

4 

Washington 

- 





May 

15 

Api. 

12 

Mar. 

17 

Fob. 

20 






July 

20 

Aug. 

:U 

Sep. 

26 

Oot, 

23 

Y fimagawa 




May 

27 

Apr. 

11) 

Mar. 

24 

Feb. 

27 

Jan 

27 




July 

17 

Aug. 

24 

Sep. 

20 

Oot. 

16 

Nov 

17 


Til demonstrating the geomagnetic iufliienc 50 on the worldwide distribution 
of Fa region ionization, different workers have plotted fF^ against different 
geomagnetic co-ordinates. Of these, geomagnetic latitude has the merit that 
plots against it are more convenient for mathematical analysis, whereas plots 
against magnetic dip* generally show the least amount of scatter. In the present 
paper, /F™ data are plotted against both geomagnetic latitudes and magnetic 
dips of the stations. 


3. THEORETICAL CONSIDERATIONS 

In examining the observed worldwide distribution of local noon ionization 
of the ionospheric layers it is interesting first of all to know what one should 
expect from theoretical considerations. Evidently, Chapman’s theory provides 
a good starting point for this purpose. The simplifying assumptions made by 
Chapman were that the upper atmosphere is isothermal — the constituent gases 
being distributed accordingly, that the ionizing radiation from the sun is mono- 
chromatic, and that the electrons and ions produced decay by simple recombination. 
It is now known that these assumptions are substantially valid for the case 
of the E and layers ; ot at any rate, if there are departures from these 

"'Magnetic Jdip [as cUstinguished from geomagnetic dip given by I » tan”^ 2 ton x, 
where X- ia the geomagnetic latitude* 
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TABLE II 


Values of geographical coordinates^ geomagnetic latitude and 
magnetic dip of the respective stations 


SLation 

Geog. 

Latitude 

Geog. 

Longitude 

Geomag. 

Latitude 

Magnetic 

Dip 

Akita 

39 7°N 

140. l^E 

29.G®N 

53“N 

Bagnoux 

48.8‘’N 

2.3“E 

51.3“N 

64“N 

Bombay 

19‘’N 

73'‘E 

9.7'’N 

24'’N 

Bn abano 

27 . 6“S 

153°E 

3.5. 9“S 

50° S 

Calcutta 

22 6“N 

88 . 4'’E 

11 9“N 

31°N 

Canberra 

35.3°S 

149°E 

44'’S 

04.5°S 

Capetown. 

.34.2°S 

18 3“E 

33“S 

60.5°S 

Casablanca 

33.6°N 

7 6°W 

38 5°N 

50 5°N 

Ohnatchurcli 

43.5‘’S 

172 . 7°E 

48'’S 

08“S 

Darkar 

14.6“N 

17.4'»W 

21.0°N 

26“N 

Delhi 

28.6“N 

77. rE 

1B.9°N 

41°N 

Djibouti 

1].6“N 

43.1“E 

6.8°N 


Falkland Is. 

51.7°S 

57 8“W 

40,4“S 

40°S 

Freiburg 

48.1“N 

7.8“E 

49.4“N 

63.5°N 

Hobert 

42 8“S 

147 4‘’E 

51 4°R 

71.5°S 

Huancayo 

12“S 

75 . 3®W 

0.6"S 

0° 

Ibadan 

7.4‘*N 

4'^E 

10 4'=N 

2.5°S 

Invomess 

57 4‘*N 

4.2”^^ 

OC.B^N 

70.5“N, 

Johannesburg 

26.2"S 

28°E 

36. 7^8 

59\S 

Khartoum 

15 e'-N 

32.0“E 

12.9‘’N 

13°N 

Moequario 

54.5''S 

169“E 

ei'S 

79°S 

Madras 

13«N 

80 2°E 

S.l-’N 

11“N 

Maui 

20.8'’N 

156.5'»W 

20.7'’N 

38.6°N 

Nairobi 

1®S 

37'’E 

4 2°S 

25'’S 

Okmawa 

26.3®N 

172. 8“E 

1G.3'’N 

30°N 

Panama 

9.4®N 

79.9“W 

20.7°N 

35.5°N 

Puerto Rico 

18.6°N 

62 . 2“^^ 

30"N 

Sl^N 

Poitiers 

46,6'’N 

0.3“E 

49.1°N 

62.5®N 

Raratonga 

21.3'’S 

131). 8“W 

21. S 

SS-S'-S 

Shibata 

37.9‘’N 

139.S“E 

27.6“N 

51°N 

Singapore 

1.3°N 

103. 8°E 

10.1°S 

Ib'-S 

Slough 

61.5«N 

O-B^W 

S4.3“N 


Tananarive 

18.8°S 

47.8°E 

23.8“S 

52.6®S 

Tiruchy 

10.8*N 

78.8°E 

1“N 

5°N 

Tokyo 

36.7'»N 

139. 6“E 

25 . B®N 

49'’N 

Townsville 

19.3“S 

140. 8“E 

28.4'’S. 

40‘’S 

Upsala 


17.6“E 

68.4‘’N 

70.5‘’N 

Wakkanai 

45.4“N 

141.7'>E 

3B.4"N 


Wadiington 

38’ 7®N 

77. rW 

50 ^ 

70‘’N 

Yehnagawa 

31.2‘’N 

ISC.B^E 

20.3‘’N 

43.5®N 
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assumptioiiSj these are imt likely to affect substantially the behaviour of these 
layers si) far as the latitude distribution of the ionization at local noon is concerned. 
E and Fy layem ; 

The basic continuity equation resulting from Cliapniaji’s simple theory is 


dN 

dt 


= q 


... ( 1 ) 


where N is the density of ionization, g is the rate of electron production per c.c. 
and OL is the coefficient of recombination. 

Tt is now established from observed data that in the case of E and layers, 
(piasi-stationary conditions obtain roundabout noon; that is, dNjdt is negligible 
(‘omparod to the other two terms of the above equation. Under this condition 
the maximum value of N for the layer near noon is given by 

... ( 2 ) 


where y is the sun’s zenith distance at the time and is the value of q for y = 0“. 
At any station and in any season y attains its daily maximum value at noon which 
we shall denote by y„ooH- The noontime maximum electron density is thus 

S'™,,. = Ji!5— ^ ... (3) 


The expression indicates that and hence noon-time critical frequency 
of the layer is uniquely determined by Xnoon ^ particular epoch of the solar cycle, 
and is independent of the location of the station. 

Thus, if J^noujt ^^f^inoon plotted against the location of a station (i.e., geo- 
graphical latitude, geomagnetic latitude or magnetic dip) for a fixed value of 
Xnoon f resulting t!onstant-y plot is expected to be a straight line. 

F.^ layer : 

An attempt to make a theoretical deduction regarding the latitude distri- 
bution of noon Fg ionization presents formidable difficulties. Even assuming 
that there is no appreciable departure from the assumptions made in Chapman’s 
theory, which appears improbable, a complication arises in the case of the Fg 
layer due to the fact that dNjdt is not negligible i.e. quasi-stationary conditions 
do not obtain even at noon and the simple (cos y)* law (Eq. 2) for iV^ does not hold. 
In order to estimate the latitude distribution one has to resort to numerical 
solutions of Eq. 1 . This was done by Millington (193?) who gave a series of curves 
representing the diuimal variation of ionization of the layer at different latitudes 
and in different seasons. From the curves for 0*0 = 1 (o*o = 1/1.37 XlO^v^qaj 
which may be assumed to fit the Fg layer for the sunspot minimum period, one 
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can estimate the values of N„ooh ^^2 l*>'y©r 8'^^ different geographical latitudes 

for a series of chosen values of Xnoon^ O'** 20°, 30° and 40°. Tt is found that 

the plot of noon /Fa against latitude for any of these values of Xnoon ^ ^ straight 
line with deviations not greater than ± 5%. 

Thus, according to Chapman’s theory the constant-y curves for the Fg layer 
would also be straight lines for all practical purposes. 

Evidences, both theoretical and observational, collected during recent years, 
indicate, however, that the assumptions made in Chapman’s theory require 
considerable modification. This is true in particular for the assumption regarding 
the process of elocti’on decay. Extensive work has been done on various possible 
processes of electron decay in the Fg region levels and it is believed that a decay 
rate represented by the aN^ law may not he true for this region. Nevertheless,! 
if the electrons produced are assumed to a^ipear and disappear at the same spot 
in the ionosphere, as is implied in Chapman’s theory, it is likely that the 
noon-time ionization of the Fg region for a given value of Xnoon will not vary 
substaiitially from place to place over a wide range of latitudes, whatever be the 
actual process or processes of electron decay. Tn other words, the constant-y 
plots would still approximate straight lines. 

Recent studies indicate, however, that the appearance and disappearaiuje 
of the electrons do not take place at the same spot The electrons (and ions) 
produced by solar ultraviolet radiation are subjetd to tidal and other forces, 
which cause them to drift (Martyn 1947, 1954). Tt now appears that the resulting 
motion of the electrons under the influence of the earth’s magnetic field plays an 
active part in determining the ionization density of the upper regions of the ionos- 
phere in relation to the terrestrial magnetic co-ordinates, and thus controls the 
worldwide distribution of the Fa ionization. 


4. DISCUSSION OF OBSERVED DATA 

(i) Constant-x plots : In figure 1 (a, 6, c, & d) constant-y plots of noon 
/Fg against magnetic dip have been depicted for the four years 1952-55 which are 
centred more or loss lound the period of minimum sunspot activity. Figure 2 
(a, b, c 8 l d) shows the same plots depicted against geomagnetic latitude. For the 
sake of comparison constant-y plots of noon/Fg depicted against magnetic dip and 
against geomagnetic latitude ai*e also shown for the sunspot maximum year 1948 
in figures 3 and 4. It will be seen that the plots against megnetic dip show 
less scatter than those against geomagnetic latitude. 

It is noted that the features reported previously (Bhar, 1967) on the basis of 
the data for 1953 are repeated in all the years. For example, for y = 0°, noon 
•/F 2 is minimum at the magnetic equator and attains maximum values roughly 
at ± 30° magnetic dip. The variation of /Pg with magnetic dip follows nearly 









Fig. 2{a). Constant-X plots of noon /F 3 against geomagnetic Pig. 2(6). Constant^- plots of noon /Fj against geomagnetic 

latitude for X = 0% 10°, 20°, 30°, 40°, 50° for 1952. latitude for x ^0°, 10°, 20°, 30°, 40°, 50° for 1953, 
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the same trend for x = 10“. For x == 20° and 30° respectively the peak on the 
north and the minimum at the magnetic equator are clearly maintained. But 
the peak to the south of the magnetic equator loses prominence. The southern 
peak gets flattened out as x inoreases from 0° to higher values. 
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Fig. 5. Variation of average /Fo agauiBl noonjc -values for rospective stations for tho 
years 1952-56 and 1948. Stations are arranged in order of magnetic dip 
(magnetic dip value is indicated on right hand aide of each curve). Scale of 
ordinate : — Each small division represents 2.6 Mc/s. Arrows indicate roforonco 
levels. 
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In the plote against geomagnetic latitude (figures 2 and 4), the peaks appear 
at 10° to 16° north ?i.nd south; the flattening of the southern peak for higher 
values of x is s-lso clearly noticeable in these figures. 

(ii) North- Houth anomaly in /Fg— / relation : Although paucity of data 
in the southern hemisphere dictates caution in making inferences in any detail, 
there seems to be no escape from the conclusion that the relation between noon 
/Fg and magnetic dip (for constant exhibits some amount of asymmetry in 
behaviour about the magnetic equator. The observed facts on which this state- 
ment is based are discussed below. 

In the first place, as observed above, for high values of x (20° onward) the 
southern peak of each plot appears to be more or less flat in contrast with the 
northern portion. 

Secondly, if the variations of noon values of/F.^ with season, i.e., with x 
plotted for different stations north and south of the magnetic equator, the curves 
obtained exhibit dissimilar nature in the two hemispheres. Had the relation 
between noon /Fa and I (magnetic dip) been syrnmetncal about the magnetic 
equator the /Fg — 1 curves of figures 1 to 4 should have been substantially alike 
in both the hemispheres. In fact, speaking in a very general way, noon /Fg 
appears to increase with x for northerly stations whereas it decreases with x 
for southerly stations. Figure 5 shows this for the four years from 1952 to 1965. 
Such north-south anomaly in the seasonal behaviour of noon /F.^ has also been 
noticed earlier (Berkner and Wells, 1938). It is found, however, that similar 
curves drawn for the sunspot maximum year 1948 and depicted in the same 
figure for comparison, do not show this north-south anomaly. On the contrary, 
the curves exhibit a general increase of /Fg from low to high values of Xnoon ^ 
both hemispheres. 

(hi) Decrease of noon f¥ ^ from sunspot maximum to sunspot minimum 

(1964) ; It is known that the value of noon /Fg at a particular station follows 
the solar cycle attaining a maximum during the epoch of maximum sunspot activity . 
Figure 6 depicts the ratio of noon /Fg at the epoch of sunspot maximum 
(1948) to that at the epoch of sunspot minimum (1954) plotted against magnetic 
dip for chosen constant values of Xnoon' plotting the curves, the values of noon 
/Fg have been estimated from the plots of figures 1 and 3 by interpolation. 

The plots show that the ratio varies with magnetic dip exhibiting clearly 
a minimum north of the magnetic equator. This means that the decrease of noon 
/Fg from sunspot maximum to sunspot minimum is not in the same proportion 
at all places. 


5. CONCLUDING BEMARKS 

The information obtained from the analysis presented here indicates clearly 
that for constant solar zenith distance noon Fg ionization is not the same every- 
where but varies with magnetic dip or geomagnetic latitude. Furthermore, the 
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shape of the conBtant-;n; plots varies with the sunspot cycle. To explain these 
facts, which are not expected from Chapman’s theory, two alternative possibi- 
lities suggest themselves, Iii the first place, the source of ionization of the Fg 
region is not the sun or at least predominantly not so. Alternatively, the solar 



Fjg. G. Ratio of noon/F'j in sunspot maximum year 1948 to that in sunspot minimum 
year 1964 plotted against magnetie dip for three different values of solar zenith 
distance. 

ultraviolet radiation is the main source of ionization but the observed variation 
with magnetic co-ordinates of the earth is the result of a balance between gain 
and loss of electrons at the site of observation, produced by procesges more 
complicated than envisaged earlier. The authors believe that the latter alter- 
native is more likely to be the correct explanation and that, besides the primary 
processes of solar photon absorption producing electrons and of recombination, 
attachment, etc., causing electron decay, the transport of electrons from one place 
to another under the influence of the terrestrial magnetic field govern both the 
gain and loss of electrons at any site. 

Another phenomenon revealed by the analysis of the 1952-55 data is that 
even though the variation of noon F 2 ionization has a dip near the terrestrial 
magnetic equator with peaks on either side, the variation is by no means symmetri- 
cal about tho equator. We consider this asymmetric behaviour in the two 
hemispheres as a significant phenomenon and any theory attempting to explain 
the equatorial depression of Fg ionization should, in order to- be complete, also 
explain this asymmetry. 
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A CASE FOR EFFICACY OF HULBURT-HiRSCHFELDER 
POTENTIAL FUNCTION 

N. R. TAWDB AND M. R. KATTI 

Dri'^iiTWKN'r OF Physks, Kahnatak Umvkuhity, Uhaiiwaii 

{Recewcd for pubhnation, ^ovenihcr 0 . ' 

ABSTRACT 'J’ln' Hulburt-Him’lifeldm* ]>ot.oiitial oiipr^y function Iihh bcpii toalpd 
ior lit-' offieii(‘,y in rolaLinii to Morse exjii essioii. Its five-jiaramotcr c'lmraftoi lias beem 
convnrtorl 1o roiiv-paramotor one, with a vioiv to donvo llio fifth parainotei' a^. The ealeul 
latod data are t-lien eompurod to Iho acA'Uralely known oxjjorimontal data ol a larjjo nuinboi^ 
of diatomic molecules The expression proves much superior to Morse's aiul evs-n to some 
others, knoMUi to h(' bo(tei‘ than Morse's. 

In a recent oxhanstive review, Varshiii (1957) has made a critical assessment 
of the relative merits of vanous potential energy functions of diatomic molecules 
The test has been confined only to the functions which do not assume, but which 
predict the molecular (Minatants a, or Wg x^. These latter are then compared with 
the actual measured values. Obviously a test of this type is not possible with 
functions, such as Hulburt-Hirach folder (H*H, 1941), which employ all the known 
experimental constants. Hence this function does not figure in the above study. 
However, if this five-parameter function of H-H is converted into a four-parameter 
one and then the fifth jiarameter predicted from it, one could still carry out the 
test in the manner given by Varshni. This is proposed to be done m the present 
paper. 

Varshni starts by expanding near the equilibrium value (r — r^) The 
expansion is given by 

- 2! rJ‘''[r,){r-r,)*+ ... (l.l) 

Here the value of the first derivative (r^) docs not appear as it is obviously 
zero. Relations first deduced by Kratzer (1920) and modified for the above form 
of|the expansion, provide values of these derivatives in terms of the spectros- 
copic constants. Later Dunham (1932) has shown that 


and 



( 1 . 2 ) 

(1.3) 
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where 

Cj = U>i{r,)l2\, c, = t«"(r,)/3! and c, = Uiy(r,)li< 

After putting 

= X 
= Y 

one obtains 


a, = - 

[t 

H-l 

65.V^ 

and ^ j 

1 JC*- 

-Y 

1 W 

! /^A 

with IF = 2.1078 xl0-i« 





(1.4) 

(1.5) 

( 1 . 6 ) 

(1.7) 

(1.8) 


In the above equations (1.7) and (1.8), it is only the quantities 



r 5 1 . . 

^■^'^1 g yj which will be different for different functions. 

Using the most generally adopted Morse’s (1929) fuiiotion 

r/ = (1.9), 

we have the derivatives 


(/"(r,) =- 2«2D, (2.0) 

(2.1) 

and U/^(»‘e) = ]4o.*J9^, (2.2) 

From these, the values of X and Y turn out to be 

X ... (2.3) 

7- 7a2 ... (2.4) 


Using the above in eqs. (1 7) and (1.8), Varshni has evaluated the constants 
and aigXg in the case of 23 neutral diatomic molecules for which reliable experi- 
mental data of molecular constants is available. The comparative study of the 
calculated and observed constants by him has revealed that the percentage dis- 
persion between the two is of the order of i33.1 for and ±31.2 for In 

comparison to the dispersions given by Morse function, other functions give 
either smaller or larger departures. A function giving smaller dispersion thah 
that of Morse is considered as more satisfactory . Thus the superiority of a function 
is judged in term6 of the accuracy given by Morse’s. As for the reproduction of 
is concerned, there are functions examined by Varshni giving percentage error 
as low as ±22.1 and thus proving superior tuMorse’s. 

Some calculational slips have been noticed in Table XIa 
reduce, the percentage error in case of Morse function from ± 
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thus provide relatively better accuracy for it. These slips relate to OH, HF, 
HI, N 2 (two cases), SO, and ICl (cf. Table I here, for corrections). 

In the light of the objective outlined in para 1, the H-H function can 
now be viewed as a four-parameter function to predict the value of a<. 
Hulburt-Hirschf elder’s expression is of the form 

U = i)L(l-e-*)*+ca;®e“2*(i+6a:)] , (2.5) 

which is the same as that of Morse, except for an additional term which acts as 
a correction term. Here 




r— 


( 2 . 6 ), 


and h and c are simple algebraic functions of the five spectroscopic constants^ 
De, and 

c = 1 H-ai(Z)/ao)* 


where Wqi ^6e Dunham coefficients 


(2.7) 

(2.8) 


= -l-a,coe/6He2, 


26)^0 


The function (2.5) on differentiation gave 


and 


J7W(r,) =2o»Z). 

... (2.9) 

U»t(r,) = 6a>(c-l)I>, 

... (3.0) 

(r,) = 2o* r7+12c(6-l)]X>, 

... (3.1) 

X = Ulii{r,)IUii{r,) = 3<i(c-l) 

... (3.2) 

Y = Uiy {r,)IUii{r,) = o*[7+12c(6-l)] 

... (3.3) 


It may be seen from (3.2) above that it involves and thus assumes its value. 
Hence this quantity in the present form cannot bo used for the prediction of a^. 
If we modify the expression 

= — 1 — a(.ci),/6-Be2 ... (3.4) 


by putting 


a, = 

Ci)g 0)^ 


(3.5) 


a relation due to Pekeris (1934), w© make the quantity c independent 
of The above substitution is justified by the fact that the T*ekeris 
r^ation (3.5) is derived from the Morse funqtion which forms an integral part of 
H-H’s function. Thus c will be determined by 

“i V and o, = 

and thus made independent of a^. 


... (3.6) 
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Such an operation is not possible in the case of Y in order to make it inde- 
pendent of Weaja and thus to predict as too many quantities are involved^ 
This led us to restrict ourselves to the deduction of a* only. The results of 
evaluated from Morse and H-H function used as above, are shown in the Table I. 
The various molecular constants employed in the present paper are uniform with 
those employed by Varshni. 


TABLE T 


MoJenule 

Morse 

Present calc. 

% Error 

Be 

H-,H function 
Present calc. 

% Eri or 


2.222 

-25.8 

1.084 

-33.7 

ZnH 

0.4248 

1 69.9 

0 3118 

+ 24 73 

ddH 

0 3609 

1 65.1 

0 2379 

f 9 13 


HprH 

0 6090 

1 63.1 

0,3818 

1 22.38 

CH 

0.5238 

1 9 

0.4861 

- 8.97 

OH 

0 7076* 

- 9.0* 

0 6268 

-12.21 


(0.7141) 

(0.0) 



HF 

0 6055* 

- 8.2* 

0.6662 

- 13.53 


(0.5822) 

(-24.4) 



H(^l 

0.3109 

H 3 3 

0 2741 

- 9 21 

HBr 

0 2540 

+ 7.9 

0 2131 

- 5 71 

HI 

0.2588* 

1 41 1* 

0.1295 

-29.23 


(0 2015) 

( 1 9.:2) 



Li a 

0.0103 

1 46.3 

0 00744 

+ 5 68 


0.00146 

+ 84.8 

0.001051 

+ 33.04 

K. 

0.000412 

)88 1 

0 0003088 

1 41 02 

Na(l) 

0 02442* 

1 29.5* 

0.01727 

- 7 65 

(0.02864) 

( f53.2) 



Na(2) 

0 01969* 

+ 5.3* 


„ 

(0.01996) 

( + 6 2) 



V-i 

0.00177 

+ 24.7 

0.001443 

+ 0.41 

O, 

0 00175 

+ 10.8 

0 01244 

-21 21 

SO 

0.00719* 

1-27.9* 

0.005197 

- 7.63 


(0.01096) 

( 1 94 8) 



Cl 2 

0.00190 

+ 11.8 

0.001925 

1-13.22 

Bra 

0.000423 

+ 63,8 

0.0003857 

+ 22.08 

I. 

0 000154 

f 31.6 

0.0001018 

-12.99 

Id 

0.000670* 

■j 26.0* 

0.0006257 

- 1.92 


(0.000654) 

( + 22.0) 


- 3.26 

CO(l) 

0.01912 

+ 9,4 

0.01691 

CO(2) 

0 01844 

6.6 



CO(3) 

0.01643 

- 6,0 



NO(l) 

0.0228 

+28. 1 

0.01707 

- 4.10 

NO(2) 

0.0198 

1-11.2 

” 


Average 


±31.9 

(±83.1) 


±16.3 


JE'igui'es with asterisk are our corrected valuesi braoketted ore reproducdo from Varshni. 
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It u seen from the Table I that as far as the reproduction, of a, is concerned, 
the results obtained with H-H’s function show the avei’age percentage error fo 
be ± 15.3, which is much less than that given by Morse’s function. Comparing 
this accuracy with the other three functions examined by Var&hni, the H-H’s 
function used in the manner given above, proves to be much superior to all of 
them. This is evident from the comparative figures of the magnitude of percen- 
tage errors recorded in Table 11. 

TABLE IT 

(-ojuparativo ])erocntage error.s in llu5 estiiiiatcs 


Function 

% Error 

Morse 

431 9 

RydboiK 

4 28 0 

Third 

1:22.9 

Empirical 

±22 1 

j Hulburt & 


\ Hirschfold( r 

:] ir».3 

(Present papei) 



Another feature which is apparent is that after the modifications becomes 

independent of In view of these findings the relation c “ 1— 

becomes preferable to one oTiginally given by H-H, viz., c— 

Further work on these lines is in hand. 
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RESONANCE CURVES OF A SYNCHRONISED 
OSCILLATOR 


B. R. NAG 

INSTITDTK OF KaDIO PUYSlfS AND KuOCTaONirs, (JaM’UTTA UnI VKllMI'l'Y 
[Hvtrivcd Jor puhlicatim, September 30 , IOgS) 

ABSTRACT. lioKonaai'u oiuvon of an OHcilIator witli an e\tPi‘jial HynchioniHing nlaf- 
tirotnohivo foire (uijaiOle of (felinoatin^ tlio featui'ea of hystoroKiK oftect boen doLprinint'd 
ox|>erinion,tttlly with iho bolp of a, diffororitial analyisor. Thooi'otirtil rfsonam-n mirves of an 
OHcdlator with a liroak -point nnn-lineanty aro deduced and camimroil cx})cr'nnonl.nl cui vea. 
Pi'om tho oxpei'imontal ciirveH the mnge of livaleroHis ik ilatcnnincil. 


1. IN TKO DUCT I ON 

Rosoiiamio ciu'ves of an oscillator witif an oxtoriial synchronising eleclro- 
niotivo force have been studied both theoretically and experimentally by many 
workers (Appleton, 1922; Appleton and Van der Pol, 1922; Golz, 1922, Van 
<ler Pol, 1927, 1934; Andronov and Witt, 1930; Gapanov, 1935; Tutjker, 1946; 
Cartwright, 1948; Gillies, 1949, 1954). However, the experimental measurements 
made by previous t^orkeis were only adequat«e to verify portions of the resonance 
(uirves obtained theoretically. Some important details of these theoretical curves 
have remained yet to be verified. For instance, it follows from theoretical 
analysis that the resonance curves of an oscillator obeying Van der Pol equation 
should show hysteresis over a range of synchronising voltages on the ‘border 
line between strong and M^eak signals’ (Cartwright, 1948), the exact range suggested 
by different authors being different. Nevertheless, as far as the present author 
is aware, the hysteresis effect has not been experimentally obtained by any 
worker. This is possibly due to the fact that the hysteresis occurs for values of 
parameters which are very close together and it is difficult to provide such close 
variation of the parameters in a determined way on an experimental oscillator. 
On a differehtial analyser, however, an oscillator may be easily realised of which 
the describing differential equation is definite and the parameters admit of accurate 
control. The resonance curves of the oscillator may thus be obtained with the 
help of a differential analyser in greater detad than is otherwise possible. 

The work, described in the present paper, was first concerned with the Van 
der Pol oscillator and the experimental resonance curves were obtained on a 
differential analyser. Hysteresis effect was found to exist in these curves but the 
range was too small to be determined exactly. Moreover, a very accurate realisa- 
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lion of the cubic non-linearity of Van der Pol equation is difficult. The study 
was therefore extended to an oscillator which is stabilised by a break-point 
non-linearity, easily representable on the analyser and for which the range of 
hysteresis is wider, The theoretical resonance curves of this type of oscillator 
are not available and hence these have also been calculated. 

2. T H E 0 R E T I (3 A L RESONANCE C U R V S OF AN 
OSCILLATOR WITH AN EXTEIINAJ. 

E L E C T R O M O T r V E FOR C E 

The differential equation describing an oscillator with an external electro- 
motive force can be written as 

gin cojf, (1) 

where fif{x, a;) represents the non-linearity in the oscillator. 

The solution of the above equation for small values of (i may be assumed 
to be given by 

a; = .4 sin ... (2) 
where A and ^ are functions of time. 

Differentiating (2) 

a; = cos sin cOB((Oii+0) ... (3) 

Differentiating again and keeping only the first order terms (terms involving 
A, ^ or A 0 are neglected). 

X = —txi^A sin (ci)i<-j-95)-|-2ti>^4 cos sin (coiH-^) (4) 

Substituting for x, x and x in Eqn. (1) from Eqns. (4), (3) and (2) respectively and 
retaining the first order terms only 

(wq^— sin (6)i<+^)+2c)ii4 cos ^)— 2wii40 Bin{ci)i<+0) 

= £I Bin (iiit—juf(A sin (wii+0), OiA cos (coi^4-^)}. ... (5) 

Eow, /t/{.4 sin cos (coi^ +0)} may be written as 

/if{A sin (coi<+0), o}j^A cos (wi^-h0)) — g cos sin (wif+0) ... (6) 

-|- terms involving harmonics of Wi. 
where 


fj 
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I /if{A sin(ei)ii+0)j <^iA cos (o)if+0)} cos ((Oi^+0)d(o)i<) 


and 


( 7 )' 
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J /if{A sin (wif-f-0), ui^A cos (ciJif+0)} sin ... 


( 8 ) 
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Equtbtiiig the eo-efficients of and ain on the two Bides of 

Eqn. (5) 

I y- 2 - (9) 

^ A- 2 eos«5- - fl9) 

For periodic oHcillatioiis, the equilibrium values of A and 0 are obtained on 
putting A =0, <f ~0 in Eqns. (9) and (10). 


Thus, 



— g = E sin (p. 

... (11) 


h = v4(6)i® - coq®) + ^cos 0. 

... (12) 

Oh eliminating 

E^=.\h- (co^^ - coo^)^]*^ + g\ 

... (13) 


Eqn, (13) gives the amplitudes of periodic oscillations for different excitations 
and detuning The plots of or normalised values of A^ against 

(i)i 

are referred to as the resonance curves of the oscillator. 

Resonance. Onrves of the Van der Pol Oscillator 
For the Van der Pol oscillator. 

/jf{x, x) = cx^ —ax, ... (14) 

Hence 

jy =r ^ ? c — a J (Ifia) 

... (15b) 

On substituting in Eqn. (13) 


A’® = [(Wj2 — CWiM* — B.J u,/l J 


Putting = “‘X 


-.p, WiLr “•!. = o-. A .=F 

coiU uAq 


(16) 


iPB + (1 - ... (17) 

In the resonance curves shown in figure 1, p* is plotted against o* with 
as parameter. Since the plots are symmetrical about tr, the portions for positive 
values of c are only show. , 
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' It is bbserved that for low values of the resonance curves have two 

and there are three values of /o* for low values of tr. With increase in ^bhe tWt) 
branches approach each other and meet on the <t = 0 axis for F^ ^ with 
further increase in F^ the curve opens out but continues to have triple value of 
for some values of a till F^ = ■^. For larger values of F* the resonance 
i^urves are single- valued. 

The equilibrium values of as given by Eqn. (17) are not all necessarily stable. 
The stability can be judged on considwing the » singularities of the order 
differential equation, (Andronov and Witt, 1930) which may be deriv)^, from 
Eqns (9) and (10) as 


dp _ — (p* -- l)p —F sin 0 
d0 — crp ~ F cos ^ 


(18) 


The singularities of this equation are of the form shown in hgure The 
equations for the critical lines are given by 



Fig. 1(a). Theoretioal resonance curves of Van der Pol oscillator. 


(i) />• = * 

(ii) p* = <r 

(iii) «r* =-(l-p«)(l_3^) 


(line A .8) 

(line C D) 
(Curve E F G), 
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1(b) Theorofcicftl I'esonance curves of Van der Pol oscillator 
showing the region of hysteresis. 

violently in the regions where the singularities are of the nature of saddles, 
unstable nodes or unstable spirals, the values of given by the resonance curves 
represent unstable equilibrium. Now. when a periodic solution becomes unstable, 
the oscillator will execute the other stable periodic oscillation, if there beany 
in the region. In regions where no periodic stable oscillation is possible, the 
oscillator will execmte the other possible oscillation which has been called the 
quasi-periodic oscillation In that case A and 0 do not become zero but vary 
periodically giving rise to a limit cycle m the A — plane. 

On the basis of the above considerations, the transformation from periodic 
to quasi-periodic oscillation or vice versa can be readily predicted. The 
plane can bo divided into three regions characterised by the different ways in 
which the transformation from periodic to quasi-periodic oscillation or vice versa 
takes place. 

(i) Region extending from F'^ = 8/27 upwards ; For such values of 
the periodic oscillation becomes unstable on AB. Hence as or is varied from lower 
to higher values the periodic oscillation continues following the resonance curve 
till it reaches the line AB. Quasi-periodic oscillations will thereafter be excited, 
i.e., a limit cycle will appear round the unstable focus which will continue for 
higher values of cr\ the r.m.s. value of the amplitude will gradually increase to the 
free oscillation value. The curves will be reversible. 

(ii) Region extending from = 4/27 doumivards : In this case the trans- 
formation will take place on the upper part of the curve E F Q\ the limit cycle 
will transform to a separatrix through the double singularity. The resonance 
curves , again will be reversible. 

(iii) , Region extending from F^ = 4/27 to F® = 8/27 : The transformation 
from periodic to quasi-periodic oscillation or vice versa cannot be so readily 
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predicted in this oatie. For values of F* ^ 9/32, for which the resonance curves 
cut the upper part of the curve SFG at a lower value of tr than that for the lowe ■ 
part, the limit cycle is expecterl to penetrate the curve JlFG and traiisformatioii 
will take place on A B. The response curve will show' hysteresis. As tr is decreased 
the r m.s. amplitude of ((uasi-pepodic oscillation will gradually decrease and the 
oscillation transforms to p^rpidic oscillation on AB. With further decrease in 
(T, the amplitude will follow the resonance curve till it cuts the lower part of 
EFG. At this point it will jump to the higher stable value. For further reduc- 
tion of <T it will again follow the resonance curve. When a is increased from lower 
to higher values the arp^litude of oscillation follows the resonance curve till it 
meets the upper part of EFG. At this point the amplitude jumps to the lowe. 
stable value. It 'will bo seen that this downw'ard jump occurs for a value of 
(T higher than that for which the upward jump occurs for the reverse variation of 

(T. 

For values of F‘^ lower than 9/32, however, the ti ansformation can not bo 
definitely predicted The point of transformation ma^^ shift suddenly from AB 
to the upper part of EFG for F^ < 9/32. In that case the hysteresis effect will 
he exhibited only in the periodic oscillations. The range of hysteresis wdll extend 
from F* = 9/32 to F'^ = 8/27 (Gapanov, 1935). It has been suggested by Cartw- 
right (1948) that this discontinuous behaviour on the tw'o sides ofF'-* — 9/32 is 
improbable and that the quasi-periodic osodlation will continue to transform 
to periodic oscillation on AB upto F^ ~ 1/4 as in the above ease Then the trans- 
formation point will gradually move up i.e, the limit cycle instead of vanishing 
through a focus will vanish through a saddle point. How ever, this transformation 
point will move up to the upper part of EFG before F^ ^ 4/27 If this suggestion 
IS correct, the response curve will show jumps from lower periodic oscillations to 
ujiper periodic oscillations in the region 1/4 ^ F^ 9/32 and from low'cr quasi- 
periodic to upper periodic oscillation in the region 4/27 ^ F^ ^1/4 The down- 
ward jumps will be from nijper periodic oscillation to low^er quasi-periodic oscil- 
lation. The region of hysteresis will extend from F“ — 4/27 -t-jJ to F^ — 8/27, 
<5 being an undetermined positive number. 

Alternatively it has been suggested by Gillies (1954) that the transformation 
will continue to take place on the upper part of the curve EFG even for F-* > 
1/4. But in between F^ == 1/4 and F-* = 9/32, there will be some value of F* 
for which the limit cycle passes through a second order singularity^on the upper 
part of EFG, but instead of degenerating to a separatix when the singular points 
separate, a new limit cycle will appear which will continue to exist shrinking up 
roui^d the unstable focue to vanish on AB. For larger values of F^ the second 
order singularity appears outside the limit cycle and the latter therefore will 
continue to exist upto AB when it vanishes to a focus. Accordingly hysteresis 
should extend from F® l/4-|-<5 to F^ =z 8/27. Numerical integrations performed 
by Gillies seem to indicate that d> 1/108. 
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It is to asei^titm .w}ilch> ouo afxtl^ abave Auggcs^iona ib correct. 

A proper experimental determination of the range of hysteresis is also not easy 
in this case, since the range is v^ry small. For’ example, fer a — O.l, 1 
the hysteresis range for as given by the three solutions ate (1) .063 - .0546, 
(Gapanov), (2) .050— 5— .0645 (Cartwright), (3) .050+(5— .0645 (Gillies). Thus 
a decision can be reached only wTieii the experimental accuracy, is, of the order 
of 1 in 1000; this is diflficult to be attained on an electronic differential analyser. 

Rtaommee, Curves of an Oacillator Stabilised l)y Break^point Non-linearity 
We next consider an oscillator for which 

, , pf{x,x) =^fj{x)r-ax 

f^{x) = x—Eq, for X > E^ 

=0, for — JEfo < a; < E^^ 

~'X-\-E^, for -Eq> X 

This non-linearity has been called the break-point nou-liiiearity and is shown 
graphically in figure 2. It may be mentioned that the operating conditions of a 



Fig. 2. Tho break-point non-hnoarity. 


practical oscillator are such that this type of non-linearity is nearer to the actual 
conditions than the cubic non-linearity. 

In this case, from Eqiis. (7) and (8), 

for 6)1^4 > Ef^ 

— (jiiAa, for ia^A < Eq 


r 2 

\a — ( 

I 7t 






(18) 
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Substitaiting those rt^ues of g and h in Eqn. (13) and putting 


%-4 V-“.' 

Eq (0^ 


=^*61 


Eo 


e 


A* 



a 


2 

n 


-1 1 + 2 1 Ji - 1 ] * + o-j*, for 
Pb ^ Pb^ Pb^^ 


> 1 


= a®+tri*, for p* < 1 


(1ft) 


In contrast to tho previous case normalised (with respect to a) plots of the 
resonance curves cannot be given. Plots for the particular value of a O.i 
are shown in Bgure 11. 



Fig. 3(a). Thooretical reaoaarico curves of an. oscillator with break-point non-linoariiy. 



Fig. 3(b). Theoretical resonance cui'ves of an oscillator with break-point non-linearity 
showing the region of hysteresis. 
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The general oharacteriaticB of the curres are similar to those of figure. 1. 
For e < 0.1, there are three values of pf, for low values of o-j, while for e > 0.198 
there is only one value of for any value of or^. For intermediate values of e 
there are three values of p^ for some intermediate values of <r^. 

The equations for the critical lines separating the plane into different 

regions characterised by different types of singularities are 

(i) 1 =coB-^a. (line.dB) 

Pb ^ 

(iii) = - ( a - ? COB- )*-|. ( )‘ 

(Curve EFG) 

The reversible transformations from periodic to quasi-periodic oscillation or 
vice versa on the upper part of EFG occur for e < 0.139 and on AB for e > 
0.1986. The range of hysteresis according to Cartwright’s solution should extend 
from e = 0.139— to e = 0,1986; according to that of Gillies from = 0.139+5 
to c — 0.1958; and according to that of Gapanov from c = 0.184 to e=0.1985. It 
is observed that the range of hysteresis for this oscillator is wider than in the case 
of the van der Pol oscillator for the same value of initial damping {a =- 0,1). 
The study of the resonance curves of this oscillator is thus expected to yield more 
definite results. 


3. EXPERIMENTAL A K R A N C! E M E N T 

The set up of the differential analyser for solving Eqn. (1) is shown in figure 
4. The solution x appears at A and x at B. The sinusoidal synchrtmising vf)ltage 
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Pig. 4. Set up of the differential analyser for solving the equation; 
x+f[x ) — * = JB sin Wj t. 

is supplied by an oscillator, stabilised by biased diodes, set on the analyser. 
Different values of tr are set by adjusting the frequency of the synchronising 
voltage which can be varied accurately by amounts as small as 0.01 per cent. 
The mean square amplitude of x is measured by a thermocouple in conjunction 
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Fig. 5(a). Exi^erimental r&aonance curves of Van dei Pol oscillator, 



Fig. 5(b), Experimental I’esonanoe curves of Van dor Pol oscillator 
showing the region of hysteresis, 

with a d.c. inillivoltmeter. The oBcillator frequency ip so chosen that the thermal 
inertia of the heater element of the thermocouple is large enough to give the 
average value. It may be noted that the agcuracy of the differential analyser 
as obtained by test solutions is better than 1%. 
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4. EXPERIMENTAL RESULTS 

The experimental plots the resonance curves of the van der Pol oscillator 
are shown in Figure 5 and those for the oscillator with break -imint non-linearity 
for a — O.l in figure, fi. 

Figures. 5(a) and 6(a) indicate very close qualitative agreement between the 
experimental aud the theoretical curves. The reversible transformations from 
periodic to quasi-periodic oscillation or vice versa on the upper part of the curves 
EFG for low values of F and p and on the line A B for high values of F and c are 
clearly shown 



Pig. 6(h). Experimental reaonanoo curves of an oscillator with break -poinl non linearity. 

The detailed resonajico curves shown in figures 5(b) and 6(b) show that 
hysteresis effect occurs in both the cases. The range of hysteresis of Van der 
Pol oscillator being comparatively narrow, detailed examination of the resonance 
curves in the hysteresis region is almost ruled out. But the curves for the oscil- 
lator with break-point non-linearity show all the details expected theoretically. 
The jump from low values of periodic oscillation to high values or vice versa is 
shown within the range 0.184 ^ e ^ 0.194. It is further observed that hj^sleresis 
is obtained upto e — 0.180. In the region 0.180 ^ c ^ 0.184, the upward jump 
continues to be from low periodic to high periodic oscillation, while the downu^ard 
jump occurs from high periodic to low quasi-periodic oscillation. Jump from low 
quasi-periodic oscillation to high periodic oscillation as suggested by Cartwright 
has not been observed. The range of hysteresis extends from 0.196 to values of 
5 
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e (Ipfiiniely greatci- than 0.178 and less than 0.184 and agrees more closely with 
GjIIios’k solution. However, the mechanism of shift of the transformation point 
fiom the line AB to the upper part of ISFO appears to he different. Previous 
thoorotical analyses indicated that with decrease in rr^, the limit cycle should alway.s 
shrink. Experimental curves show, however, that for e > 0 198 the limit cycles 
shrink with decrease in o-j, to vanish through a focus. But for values of e < 0.180 
the limit cycle at lirst shrinks and then expands to vanish through a separatrix 
on the upper part of EFG. 



Kig, Iflxpoiimontul roHonanoe ciirvos of an oscillalor with }jr(Mik-i)oint non- 

litioaiity allowing tho region of hyBieresiH 


r». C0NCLU810N 

The oxperiinenial resonance curves obtained by a differential analyser agree 
very closely with the theoretical curves obtained by Van der Pol’s method. 
The hysteresis phenomenon is clearly shown by the experimental curves. The 
range of hysteresis is found to be in good accord with the solution due to Gillies. 
In the oscillator with break-point non-linearity, the quasi-periodic oscillation in 
the border region shows a minima in ampUtudeH, 



Resonance Curves of a Synchronised Oscillator 


3r> 


A C K N O W J. E D a M E K T 

The author ie indebted to Professor J. N. Bhar, D.iSc., F.N.T., for lus constant 
uidance during the progress of the work. 

K E F E H E N C E 8 

Appleton, F. V , 1922, Prot. Cambr. Phil. Soc., 21, 231. 

Appleton, E. V, mid Vmi der Pol, B., 1922, P/nl. Mug , 48, 189. 

.\ndronov, A and Wil-t, A , 1930, Archivfur Ekclrotechnik. 24, 99. 

Cartwright, M L., 1948. JJ.E.E., Part 111. 95, 88. 

Capanov, W. 1 , 1935, Journal of Technical Physics, 5, 821. 

Col/,, J., 1922, Jahrbnoh dor drulitlofson Telegraphic and Telephonie, 19, 281. 

GillieR, A W , 1949, Proc. I.E.E., Part III, 96, 453. 

Gillies, A. W., 19.54, Qwirt, Jour. Mechtt. Appl. Math. Part TI, 7, 152. 

Kryloff, N. and Hogoliuboff, N., 1949, ‘Introduction to Non-linear Merhamofc.’, Prmcnton 
IJnivoraity Press, Pp 79-87. 

Miuorsky, N,, 1947, ‘Introduction to Non-linoar MoohaniiH', Edwards Brothers, liic,, 
Pp. 341-354. 

TuoUer, D. G., 194(1, J.I.E E.. Part III, 92, 226. 

Van fler Pol, B., 1927, Phil. Mag., 8, 65 
Van dor Pol, B., 1934, Proc. I.H E., 22, 1051. 



4 


A MICRO-CALORIMETER FOR MEASUREMENT 
OF SMALL HEAT CHANGES 

,S N BHATTACHARYA and 8. K. DAS. 

TnDIAN AsS 0<'TAT10N i'OB TllM CULTIVATION OF Sc’iFNCE, CAl.CU'rrA~32 

{Utcuved for publication, July 10, 1958.) 

ABSTRACT. A calorimeter has been desslgned to study the boats of mixing of binary 
lii)uid systems. The aceuniey of the calorimeter la better than ± .5% and sensitivity is .002 
,1/mm. 'fhe vapour phase has been eliminated and tlio idea of thermally lagged inultijacket 
has been aeliieved m pmctipo, 


1 N T K (HI U C 'r TON 

In inodeni cx|jerinieiilal work on thermodynamic properties of luixtnres, 
hVKtems which show only small deviation from ideality and possesa small heats 
of mixing are of groat importance from the theoretical standpoint. In measuring 
small heats of mixing, the most important task is to eliminate errors due to 
evaporation. The recent work of McGlashaii and Adcock (1954) seems to be the 
most Slice, essfui effort so far in this line. Since then a few groups of workers are 
persuing this line but many systems could not be studied by this time, the need 
of which can not be over -stressed. In order to add more reliable data in this 
held a calorimotor lias been constructed with certain iniporlant iiiodiftcatious 
to the JMacGlashan- Adcock model to reduce the background fluctuation of 
temperature and uncortainty in the heat oi ^tlrrillg. The calorimeter is designed 
lo use small (piantilies of liquids. It has been tested for a system for which 
standard data exist 

DESCKIPTION OF T 1£ E CAhOHlMETEH 

LTlilisiiig the idea of Culvet (1945) and more recently by Tonipa (1952) the 
troublesome vaiionr phase has been eliminated here by oonflning the liquid 
before and after the mixing under mercury The cal ornnoter shown in figure I 
consists of two nnsilvcred, double walleil pyrex vessels each containing two bells. 
In the mixing vessel, the heat absorbed on mixing is compensated by an electri- 
cal heater, \ioinifl iion-mducthT^cly on the outer bell, while the other vessel acts 
as a reference bath for the thermocouple. The concentric bells can be lowered 
or raised independent of each other, f.he inner one having a thin glass membrane 
at the top. The outer bell has a glass pointer projected inwards by means 
of which the membrane can be punctured Weighed amounts of liquids 
can bo introduced, one into the inner bell and the other in the annular space 

36 
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between tlie bellft, by displacement of raorcuiry. The reference vessel has exactly 
the same aiTangement. By means ol a mechanical coupling the outer and inner 
bells Ncere connected in such a manner that this movement is simultaneous and 
identical in both the vessels. This is to eliminate the uncertainty due to 



Fig. 1. 

A — Logged submavinod jacket, B — Hoaction vprbcI, 0— Jloforenco vobboI, 

D — Inner boll, F — Outei- bell, F — Ten junction thormocouple, b' — Com- 
pensutiou honter, H — Mechanical coupler, .1— runc.turo rode, — Outlet 
for evaporation, T — Outer thermostat. 

heat, produced by stirring. A teii-junction thermocouple tvitlj its ends insulated 
with “araldite” cement was used to measure the temperature difference. The 
jai-kot of the vessels can he connected to high vacuum line. 

The calorimeter is mounted on a stout brass holder which can be suspended 
rigidly from a heavy brass lid of a thermally lagged jacket coiitainiig w'ater. 
It is kept immersed under water in the water-tight jacket provided with outlets 
through which the mechanical coupler and electrical connections can be brought 
out. The thermally lagged jacket in its turn is kept submarined in a largo 
thermostat fitted ivith a niercury-tohiene regulator of 1.5 litre capacity and 
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effidoui stiiTors. Tlie teinperatiire of the oidor bath is kept constant within 

1 0 . 0050 (.\ 

Tlie calorimeter is allowed to stand for 24 ^ hours to attain equilibrium with- 
out any stirring inside the Ihemally lagged jacket, 'rhis is done to achieve in 
practice the idea of Ihemally lagged multi-jacket proposed by Tian (1922, 1923). 
Once the equilibrium is attained any fluctuation in the outei bath will have only 
a greatly reduced effect on the calorimoter itself due to thermal daininng intro- 
duced by the lagged jacket, Thus an excellent reduction of background fluctua- 
tions ol temperature can be acihieved. Small temiierature gradients ma 3 ^ how- 
ever, be sc5t up inside the thermally lagged jacket and this may vary slowly with 
time but the whole measurment lasts only for a short interval (not more than 
10 mm) and as such, the gradients can be taken as permanent in nature during 
this interval. Also as the heat absorbed in the system is practically compensated 
and the mixer vessel is kept heavily damped by its highly evacuated wall during 
the experiment, the tomporary small disturbance in the mixer vessel will practi- 
cally have no effect on the permanent temperature gradients, if there he any. 
These gradients may cause only a small galvanometer deflection Avhich remains 
fairly steady for short interval during the measurement. 'Phis can be taken as 
the zero of the galvanometer reading. 

The jackets of the mixci- and referoiice vessel are evacuated two hours before 
the measurements. Hall an hour before the measurements, galvanometer 
rlefloctions are observed at an interval of 10 min. The membrane separating 
the two liquids is then punctured with a gentle push of the outer bell. Compen- 
sating current is switched on, for a predetermined period and the bells are rai^etl 
up and down slowly to mix the two components properly. The galvanometer 
deflection after corapeiisatLoii is noted at definite intervals of time and a Imown 
amount of energy is again supplied to the system to account for the net uncom- 
pensated or over- compensated part 

To chock the uncertainty due to heat of stirring and heat produced due to 
puncture of the membrane, the bells in the mixer vessel is filled with the same 
component. The corresponding inside bell of the reference vessel is without 
any membrane. No measurable quantity of heat is found to develop for the 
the latter. As for the former, it is obseived that if the stirring is very gentle 
and the quantity of menjury taken in both the vessels remains almost equal, 
then compeiisatiou due to heat of stirring is excellent and the galvaiiometer-zcro 
remains (somplctely unaffected by stirring. 

Tune iiitervah of coiiipeiiFatiirg and calibrating currents are measured by 
means of a calibrated 50 eyede pulse geiieratoi and a scalar unit with a scale of 
ten. The output of the pulse generator is fed to the scalar unit via one pole of 
a D. P. I). T. switch. The other pole connects the heating circuit of the calori- 
meter to the storage cells. During the interval when current is sent to the 
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heating coil, the pulse generator is connected annul taneonaly to the scalar unit, 
from the count of which the time can he calmilated with an accuracy of .02 
seconds. The advantage of this type of arrangement lies in that it eliminates 
pers«)Mal error without iiitioducing any cuniborsomc mechanical syslenia like 
moving paper strips etc. 

The electrical arrangement is similar to that of McGlashan and Adcock (1954) 
and the possible expei'imental err*ors have been fully disemsed by them. Exten- 
ding their estimate to that of our case, an accuracy better than i 0.5% has been 
attained. The sensitivity of the calorimeter is approximately 002 Joules/mm. 

Jfl X V E tt 1 iVI E N T A L 

111 order to test the calorimeter the heat of mixing of the system carbon 
tetrachloriflo and cyclohexane was studied at 40 0®C for wihch reliable data exist,. 

Analar carbon tetrachloride was refluxed at 50®"-00®C with an alcoholic 
solution of potassium hydroxide (I • 1 by ucight). The alcohol was then 
removed by shaking with water followed by shaking with small portions; of 
concentrated biilphuric acid, until there was no colour. It was then first distilled 
m ail all glass assembly and finally fractionated througii a column of 40 theoreti- 
cal plates Only the middle fraction was collected The purity of the sample 
was checkwl by measuring the density. At 25“(') the density of the sample was 
found to he 1.5S423 gm/cc which possibly can be compared to 1.5858 gm/cc 
obtained by McGlashan et al. (1954) and 1.58452 gm/cc by Scatchard at, the 
same temperature 

11 E 8 XJ L T S 


TABLE I 

At temperature 40° C 


Wt. of carbon Wt. of cyclo-molo 
tetrachloride hexane fraction 

of CCI4 in 
mixture 

h in J 

Hot in 
J/molo 

1 5829 

8261 

.488 

2.85 

141.9 

2 or»76 

.5512 

.329 

2.46 

124.7 

2.3748 

.3937 

.233 

2.03 

100 . 7 

2.6009 

.2361 

138 

1.35 

66 5 

1.1077 

1 .0228 

.628 

2 . .53 

130.8 

.7922 

1 . 0808 

.731 

2.09 

109.2 

4761 

1.3382 

837 

1 .4.5 

76 1 


Analar cyclohexane was washeci several times with a cold niixtiire of con- 
centrated sulphuric and nitric acids to nitrate any benzene that might have been 
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present. After repeated washings Avith distilled water it was di’ied and distilled 
over metallic sodium. Finally it wag fractionated through a column of 40 theore- 
tical plates. The density of the sample measured at 25®C was 0.77395 gm/cc 
while those obtained by McGlashan et aL (1954) and Soatchard at 25®C is 0,77375 
gn)/c(5 and 0.77383 gm/cc respectively. 

I’he results of our work and that of McGlashan et al. have been plotted on 
the same graph in figure 2, The agreement is foimd to be quite satisfactory. 



Fig. 2 
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ELECTRONIC SPECTRA OF I, 3, 5-TRIMETHYLBENZENE 
IN THE LIQUID STATE AND IN THE SOLID 
STATE AT- ISO’C* 

S. K. SEN 

Oi*ri('S DJ'Ivaktmiwt, Indian Absociation j<’or thk CDj.tivation or Sciknck, 
Jadavpijr, Caixh;tta-U2 
{Rete.lvp(f foi pnbhratiou, Novemhei 18, in.TK) 

ABSTRACT. Tho ultraviolet absorption sjiootra of 1. 3, /i-trimethylbonzono in tlio 
litpiirl and solid states have been analysed and the resulla have been compared with Ihoae 
lejiorted by previous workors for the same substance in the vapour state and foi other 
similar compounds in different states. Tho 0, 0 band, which is forbidden in the vajiour 
state, is found to appeal with moderate intensity in the spectra due to the liquid and the 
solid lit -ISO^C indicating a distortion of the throe-fold symmetry ol the molecules owing 
(0 the influence of the surrounding molecules of tho same type. It is )iointed out that such 
a distortion takes ]ilace even in absence of any halogen atom m the molecule. 

I N T It O D U (JTl 0 N 

Sponei' and Stallouj;) (1948), while analysing the absorption spectrum of 
1, ;j, 5-trinietliylbenzene in the vapour state, observed that the 0, 0 band was 
absent. They ascribed the first strong band at 37000 cin“^ to 0— ► 1 vibrational 
transition coupled to the electronic transition and a much weaker band at 36041 
cm~^ to such a coupling of 1 -> 0 transition and thus found the position of tho 

0. 0 band to be at 36557 They pointed out that as the molecule 

possesses tho symmetry Dg/*, the 0,0 band is forbidden. 

Banerjec (1967) observed that in tho spectrum duo to 1, 3, 5-trichlorebenzene 
in the solid state at -ISO^C, the forbidden 0,0 band appears with weak intensity. 
This has been explained on the assumption that tlie symmetry of the molecule 

1. s partially destroyed due to the formation of weak bands between chlorine atom 
of one molecule and a hydrogen atom of a neighbouring molecule. 

Roy (1957) studied the absorption spectra of solutions of 1, 3, 5 -trimethyl - 
benzepe and 1 , 3, 5-triclilorobcnzene in different solvents and observed that in 
the former case wlien the molecule of the solvent contains a chlorine atom or 
an OH group, weak intermoleoular bonds ivre formed so as to distort the symmetry 
of the molecule and the 0, 0 band appears witli weak intensity. In the latter 
case, solvents with molecules containing hydrogen atoms showed greater influence 
to produce the 0,0 band. 

* Communicated by Prof. 8, C. Sirkar. 
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III the jireHont invosligation the abaorptioii spectra of 1, )i, 5-triniethyl benzene 
in the liquid and solid statOR have been studied to find out whetUei’ the surround- 
ing jnolec.ules of the same type exert any iiiilucnee on the electronje state of the 
molecule so as to destroy its thrcc-lold axis of syinmetiy 

E X P K K I M E N T A 1. 

Clieinically pure sample ol 1, 3, 5-triinethyl benzene (B.D H.) was distilled 
several times under reduced pressure. 

The experimental sot up was the same used in an earlier investigation by the 
author (Sen, 1951)), Spectrograms were taken rin HP3 films with Hilgcr El 
Quartz spectrograjih having a dispersion 3 A.U per mm. in the region 2(50(1 A. 
Very thin lilms of thickness of tlio order of a few microns were required for the i 
spectrum due to the li quid state, the time of exposure varying from 10 to 1 5 minutes, t 
The spectrum in the solid state was photographed with one hour’s exposure time, \ 
Iron arc spectrum was taken in each spectrogram as conqiarison. Microphoto- 
metric records were obtained with a self-recording niicrojihotoineter of Kipp 
and Zonen tyjie I’lie frequencies of the bands were measured using tlie micro- 
photomctric records of iion linos as in the earlier in.>'ostigatioii (Sen, 1956) The 
slit width was 0.3 mm (:^ 15 em-^) in the region 2600 A. 



Fig. 1. ]\licvopliotoiiif)trie recoi-ds of tho ultraviolet abBorption Bpectra of 
1, 3, 5.iriniethylboiizeno. 
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Electronic S^pectra 0 / J, 3, 5-Tri7mthylbenzene, etc. 

R K s U L 1’ s 

Tht; micTophotonietric veconlH of the spectra are reproduced in figure 1 and 
the wave numbers of the bands with approximate intensities and probable assign- 
ments are given in Table 1. 


DISCUSSrON 

Tt is seen from Table T that the first band at 3632() cm-^ due to the compound 
at -180°C is at a distance of 441 cm“^ from the next stronger band at 36767 cm"^. 
Tn the speidrum due to tlie vapour state (Hponer and Stallcup, 1948) the distance 
between the first two bands is 959 cm 'i. These two bands were assigned to 
1— > 0 and 0— > 1 vibrational transitions, the corresponding vibrational frequencies 
being 516 cm“^ and 443 ern'^ respectively. In the spectrum due to tlie solid 
state at the first band at 36326 ciir’^ cannot be due to 1— > 0 transition 

as there is no corresponding stronger band on the shorter wavelength side of the 
band at 36767 cni “^. Hence the weaker band at 36326 enr^ is to be assigned 
as the 0, 0 band and the band at 36767 cni'^ would coirespond to the vibrational 
transition 0— » 1, the excited state vibrational frequency being 441 cm"^. The 
band corresponding to the vibrational transition 1 — ► 1) corresponding to the 
ground state vibrational frequency 516 cm is absent as the iiopulati on of mole- 
cules af this frequency cannot be high in the solid state at -180“C. further, in 

TABLE T 


Absorption bands of 1, 3, 5-triinothylbenzene m the 
liquid and solid states 


Vapour 
(Sponer and 
StaUoup, 194H) 


Solid 

at -180“C 


Liquid 
at 30“0 

V m ern-*^ 
(Prominent bands) 

r in om~i 

Asstguinont 

p in cm“i 

Assignment 

3604] (vw) (1, 0) 



35761 (vw) 

0-514 (1, 0) 

36557 (calculated 

0, 0) 

36326 (s) 

0, 0 

36265 (w) 

0, 0 

37000 (8) (0, 1 ) 

36767 (v8) 

04 441 (0, 1) 

36705 (s) 

0+441 (0, 1) 

3 7968 (s) 

37288 (m) 

OH 962 

37225 (m) 

0 +960 

38300 (ms) 

37724 (m) 

0 1 962+441 

37667 (m) 

0 + 960 + 440 


38244 (ni) 

0 1 962 X 2 

38185 (w) 

0 + 960x2 


38088 (m) 

0+962x2 + 441 

38628 (vw) 

0+960x2+440 


39210 (w) 

0+962x3 

39142 (vw) 

0-1^900x3 


39645 (w) 

0+962x3 + 441 
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the spcetnini due to the solid state at -180°C, i)rogressions of OH- a X 962 and 
()-|-441 4 rtx902 are observed while in the vapour stale there is only the progres- 
sion of OH-443 fw-XOliH. n is thus seen that tJie symmetric oscillation coupled 
to the 0, 0 electronic transition itself is allowed This shows that the three-fold 
axis of the luokjcule is not present in the solid state at -180°C and the 0.0 band 
is therefore not forbidden in the solid state. 

The 0,0 band shifts in this case by 241 cni"^ towards longer wavelengths 
from the calculated position of the 0,0 band duo to the vapour state. The 
(ioiTcsponding shifts observed in the case of benzene (Kronenborger, 1930) 
and 1, 3, 5-trichlorobcnzene (Banerjee, 1957) arc 261 cni~^ and 279 em~* 
respectively, 

3'ho spectrum duo to the litpiid state at room temperature exhibits system 
of bands, of which the first band at 35751 cm~^ is very weak and is at a distance 
of 514 cm~i from the second band. I'he first band thus corresponds to )->() 
Vibrational transition and the second band 36265 ciir^ can be assigned to 0,0 
transition. This system of bands is thus shifted towards longer wavelengths with 
leference to the system due to the solid state by 61 cm-b 

It IS concluded from the above results that c\'en when tlio molemdes of 
I, 3, 5-tnmethylbenzone are surrounded by other molecules coiitaining only OH., 
groups, the three-fold symmetry of the six 7r-eleetrons in the ring is disturbed 
and this influence is intensified when the liquid is frozen and cooled to - 18 j[)°ri. 
finch ail influence is expected in the case of I, 3, 5 -trichlorobenzene from the 
usual chepiical point of view, but the results of the present investigation furnish 
some evidence for the existence ol the influence even in the case of Ihe. trimothjd 
compound 
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POLARISED ELECTRONIC SPECTRA OF SINGLE 
CRYSTALS OF PARA DICHLOROBENZENE 

S. C. SIIIKAH AHii T N. MISRA 

Optics Oepahtmiant, Indian Association pok the Cultivation 
OE ScjMNC'ifl, Calcutta -32 
{Received Novendier 18, 1958) 

riaie 1 

ABSTRACT. The poIarisuUuu of fcho ultraviolet absorptiou spertia ol A^ory tlnn single 
r-iystals of p-diohloiobonzene has been studied by photographing simultanpously the two 
rouipoiientft with the light vector respectively jiarallel to the ft-axis and the c-axis. It is 
obseivod that although tho bands due to 0 — > a transitions are equally sliarp in the vortical 
and lionzonlal compononis tho 0,0 band js shar]) only iii the vortical component, but it 
has a trijilet Hiructuro lu the horizontal component. Analysis of the bnnds in the horizontal 
component shows tJiat an interinolocular vibration of frequency about 53 cin-i is coupled 
with the 0,0 transitiou only in this oompouent and also two other new 0— trausitioiiH 
not. observed lu the vortical eom])onont take place in this component, it is jiomted out 
thal' Ihesc vibrational tiansilions occur when tho light vector is along the shorti axis of the 
molecule and they always ajipear in (he vapour. 

'riio identical iiositions of some of tho bands duo to 0 v 1 ransitions m both tho com})u- 
iients indioat^i tliat there is no Davydov sjibttmg m tins ease Tlio expected Da\ ydov split- 
ting duo bo interaction of nearest neighbours has boon calculated uiui found to be 22om-J. 
Siich a splitting could bo easily dotooted. The absenco of this splitting is explained on tho 
fiiSHumjition that the usual expression for the mean square transition moment cannot be used 
m this case, because only a few neaiest neighbouring molecules are oflective in producing 
the splitting, and the oscillator strength being veiy low, the meim momcnl is doiivod from 
the absor[)tion by a largo number of molecules. 

1 N 3’ R O D U C T I (> N 

Tt was obfeorved by Craig and Hobbiiis (1955) that m tliu two oouiponents 
of I be ultraviolet absorption band system of single crystal of anthracene with 
the'light vectors respectively jiarallel and perpendicular to the 6-axis the component 
with light vector parallo) to the 6-axiH consists of two bands at 2680A and 2595A 
respectively, but in the other component the bands shift to 23()0A, They 
(‘alciilated the shifl expected on the theory put 1‘orward by Davydov (1948) 
and found that the calculated values were in agreement with the expeiimental 
results. 

The crystal of ^-dichlorobenzene has a structure similar to that of anthra- 
cene with two molecules in the unit cell and the orientations of these molecules 
in the lattice have been found out accurately by Croatto et al. (1952). It “would, 
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llierefore, be quite easy to extend the calculations on Davydov’s theory to this 
jiarticiilar crystal. Jt was formerly obserml by Swamy (1953) that the near 
ultraviolet absorption band system of poly crystalline mass of p-dichlorobenzene 
at — iso'll]! consists of shai*!) bands and there is no indication of presence of a 
second system slightly displaced from the first system in this spectrum, as would 
be expected if the tw'o components were slightly displaced from each other On 
the other hand, m the case of o-dichlorobeuzeiie at — 180"C the band system 
indicated a splitting of each band into three components widely separated from 
each other, and later, Roy and Sirkar (1957) observed that when the molecules 
of o-dichlorobenzene are dispersed m frozen alcohol at ™180“C no such splitting 
occurs. These results indicate that the splittmg is produced by the interaction 
of the permanent dipoles in the crystal on the transition moments 

In the case of p-dichlorobenzenc crystals it was difficult to come to a definite 
(U)iiclusion regarding the abseiuje of the splitting, because if one of the two com- 
ponents were very much weaker than the other it would be difficult to sejiarate 
the two components from each other in the spectrum due to the polyorystalline 
mass. So, it was thought worthwhile to study the polarisation of the ultraviolet 
baud aystom of p-dichlorobenzene to find out the structure and relative positions 
of the two systems. It was also intended to cahnilate the splitting expected on 
Davydov’s theory in this case. 

E X P E R I M E N T.A L 

Very thin single crystals of ^-dichlorobenzene were prepared from saturated 
solutions in alcohol at room temperature The crystal elongated along c-axis 
was mounted with its c-axis vertical between two fused silica discs in a brass 
frame, the lower portion of which was immersed in liquid oxygen contained in 
a Dewar vessel of fused silica. The crystal was held with its 6c-face normal 
to the incident rays from a hydrogen discharge tube and the light transmitted 
by the crystal was focussed on the slit of a Hilger large quartz spectrograph 
with a fused silica lens. A double-image prism of quartz was used t-o separate 
the components having light vectors vertical and horizontal respectively. 

Microphotometric records of the spectra were taken with a Kipp and Zoneu 
type self-rei‘ording microphotometer and before taking the records_jDf the two 
components, a linear mark parallel to a prominent iron line in the iron arc 
comparison spectrum was made by cutting across both the oompoiieiits of the 
spectrum with a sharp razor blade. The mark produced a very narrow peak in 
the microphotometric record and distances of the sharp bands in the records 
of the two components of the spectrum from this mark could be measured very 
accurately. The dispersion in the record was about 2A or 24 cm"^ per mm in 
the region of 2800 A. A shift of the sharp bands larger than 6 cm”^ could be 
easily measured by this method. 
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H E S U J. T S AND 1) T S C U H S I O N 
(a) Assujummt of the. hrmds ■ 

Tlio vertical aiul horizontal L-oniponents of the polarised eleetrouic; ahKorp- 
tioii speetrum are reprodueejd in figure 1 and the niicrophotonictiie reeords of the 
bands arc shown in figure 2 in Plate T. The frequencies of tlic bands in the 
vortical and horizontal components are given in Table t. Care was taken to 
measure the distance of the hands from the mark F mentioned earlier. The 
fiequeiicies of the bands due to the vapour reported by earlier workers are also 
included in the table. 

It can he seen from figure 2 that although the bauds on the shorter wavelength 
hide of the 0,0 band arc equally sharp in both the vertical and horizontal eompo- 
nenls, the 0, 0 band in the horizontal component is much broader than that in the 
vertical component. Table 1 shows that the bands at 116051 cm' ^ and H6247 enr'^ 

TABLK 1 

Polarised absorption bands of p-dichlorobeiizeiie 


Vnijom (Wponer, 1042) 
foi ronipariaou 

Eight ' 
1 

V in (* 111-1 

j Assignmont | 

V in (‘/in“ 1 

35783 vh 

0, 0(r«) 

35672 .s 

36070 m 

357 

36051 vw 

36274 inH 

Vo 1-431 

36247 m 

36138 m 

r„+005 

36410 m 

36471 s 

!»,> 1-728 

36530 w 

36544 w 

Vf, 1-801 

36736 s 

3680K v8 

VoA 1065 

36030 w 

36008 in 

Pfl-1- 1265 

37172 m 

37069 w 

1*0+801-1-531 

37308 m 

37136 w 

1*0+1065-1 327 

37489 m 

37205 vw 

1*0+2x731 

37601 

37340 vw 

1*0+ 1065 + 531 

37804 s 

37546 m 

1*0 + 1066 + 728 

37994 in 

37856 vs 

i*o + 2Xl(Kt) 

38229 m 

38040 w 

Vo 1 1 065-1 695 
+ 531 

38547 m 

38105 w 

1*0 + 2x1066 + 327 

38853 s 

38274 ms 

**0-1 1065 + 2x728 

38602 w 

**0 + 2 X 1065 H- 728 

38037 a 

**0 + 3x1065 



•toi parallel 
'/•axis 

Elgin vector ]iaiallol 
i.o t-axis 

Assignment | 

** in om~i 

1 Assignment 

0 0(ro) 

' 35620 s 

**0-63 


35672 a 

0,0(**o) 

i*o4 370 

35726 R 

**0+53 


3605 J w 

»'o+379 

Vo 1 575 

36111 m 

v„ + 430 


36247 in 

**0 + 576 

1*0+747 

I'of 867 

36366 in 

v„-| 604 




Vo 

Vo 1-2x750 
Podl0C4-h572 

Vq-\- 1004-1-7 oS 

i^o-f 1064 1-805 
vo-i 2 X 1066 
-1-1064 1-1258 
i;,, 1- 1064 I 2 A 747 
VoA'^X 1067 1 747 

r„H-3Xl060 
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are jireaeni in both the componeitts exactly at name positioim. So there is no 
shift of tliesc hands in the horizontal component from the positions of the corres- 
ponding bands ill the veitical component by more than (i enr^, which is the 
maxininin probable error in the measurement. The bands at 361 11 cm“^ and 
36300 cm ^ in the lioi izontal component are quite strong, but they arc absent in 
the vortical component. Careful examination of the 0, 0 band in the horizontal 
(iornponent shows that it consists of tAvo adjacent peaks separated by about 
SO cni“^ one of the bands being twice as broad as the other. Tf it is assumed that 
this structure is produced by splitting of the energy level into two components, 
the other bands due to 0— transitions cannot be assigned properly On the 
other hand, if it is assumed that the 0, 0 baud in this case is at the same position 
as in the vertical compoiiont some of the excited state frequencies given by tlie 
bands at 36051 cm’ ■■ and 3624-7 rm~^ are found to bo exactly the same as those 
given by the corresiiondiiig bands m the vertical component as shown in 
Table I. The remaining hands in the horizontal component are found to he 
missing in the vertical component and these bands give some new excited state 
freqnenc-ios 439 cm '^ and 694 cni'^ as shown in Table J. 

The structure of the 0, 0 band in the horizontal component can be cxjilaiiied 
on the assumption that when the light vector is parallel to tlie /i-axis some inter- 
molecular vibration of frequency 53 is coupled to the electronic transition, 
bill when the vector is along the c-axis no such coupling takes place. Actually 
both V— >0 and 0— transitions produce strong bands on the two sides of the 
0,0 band. Further, the appearance of the new bands in the horizontal componept 
can also be explained by assuming that in this case some new modes of vibration 
are excited, but they are not excited when the light vector is along the c-axis and 
makes a large angle with the short axis of the molecule. 

It can bo seen from Table J that the excited state vibrational frequencies 
deduced from the hands in the horizontal component all agree with those observed 
in the case of the vapour, but some of these bauds are absent in the vertical 
component. It appears, therefore, that the vibrations of excited state frequencies 
439 cm~^ and 694 cm~^ are excited only when the lightvector is almost parallel 
to the short axis of the molecule. In the vapour the molecules have random 
orientation and therefore, all the modes of vibration are excited. This infor- 
mation given by the polarised spectra may be beliiful in assigning the vibration 
frequencies of the molecule unequivocally. 

(b) Search for the Davydov ftjdiUing ■ 

The splitting of the 0,0 band expected from Da^^ydov’s theory has been 
calculated m this case for the inolecnles in the 6c-plane taking into account only 
the interaction of nearest neighbours. 

If .4 be the value of interaction integral for intoraetion between translationally 
equivalent molecules along a-axis, B that between similar molecules along 
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PLATE 1 


0^ 

o’ 



Fig I. Polarisrd electronic spectrum of single crystals of 
^-dichloroben/tnc at <-i8o''C, with light vector 
(a) parallel to c-a\is, (b) parallel to /(“axis. 



35tjoo iG^oo 37 'ioo 38.300 cm 

Fig 2. Micropho tome trie records of the polarised clerlronic spectrum of sing 
crystals of p-dichlorobcnzcnc at - 180'^C, with light vector 
(a) parallel to c- axis, (b| parallel to axis. 



Polarised Electronic Spectra of Single Crystals, etc. 49 


/>-axis and C that for interactjon between the two molecules in the unit cell, the 
splitting between the two components is given by 8C. Actually it has been shown 
bj^ Davydov (1948) that if only dipole-dipole interaction is taken into account, 
the interaction integral is given by 


- - f ) I M 1''^ {2 cos dll cos -eos Oi.^ cos 0^.^ - cos Oi^ cos ... (1 ) 
' Ofc" ' I 


where On, Oi,^ and 0^ are angles made by the transition moment of the /-th molecule 
with the throe rectangular axes, M is the molecular transition moment and the 
distance between the centres of the two molecules. The values of ^ and 0 
calculated from eciii.(l) are given in Table II for the jO-dichlorobciiKene crystal. 
The unit is enr ^ and that for | ilf | is A. 


TABLE IT 


J..oag 8hort. 

axis- axiK- 

IraiiHition tj aiisitiou 


4I\ 

M ^ 

- 4.S 

25 


M 

013 

- 177J 


M 

-407 

- J70 


As the coin])()iient parallel to ?;-axia is more strongly absmbed than the other 
(MHupoiicnl, and the molecule is iiudincd at 02'’0 to the 6-axis the transitjoii in 
lliis particular ease is a short-axis one Hence the siilitting exjjccted is I3(i() 
yif The value ol M I** can he found out from that of/, the oscillatoi' strength 
lioiii the relation 


I M p 


Stt^wcv 


... ( 2 ) 


where c is the velocity of light, h the Planck’s constant, m, the elect i omc mass 
and V the frequency of the band in ciu"^. The value of / can bo obtained from 
tlic relation 


r > .1 , nchn 


I()3 J fedv 


i^) 


where n is the refractive index, N the Avogadro immhcr and a is given by the 
relation 

« =- (Jrf) (W 

c being the concentration in moles per litre. 

The values of Jedv for solutions of ^-di chlorobenzene and beiiaeiie were 
reported by Conrad-Billroth (1932) and subtracting the value of jedu for benzene 
7 ' 
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from that for ^?-dichlorobenzene we get oscillation strength 'J^nigration 

jii the ring io the p-dichloroboiizeiie molecule. The value pf / is found to be 
() 4 x 10 ^ and this leads to a value 16.3,X,10“®A® for ) ilf Henoe^ the splitting 
expected in the case of p-dic;hlorobenzone is about 22 pm“^ The bands in the 
horizontal ( oinpoiionl should shift towards red i-elative to those in the vertical 
c omponent by about 22 cm-i. As mentioned earlier, such a splitting is not, 
actually observed m figures 1 and 2. 

The discrepancy mentioned above may be due to two alternative causes. 
First, the value of oscillator strength calculated from the extinction coefficienfs 
reported by Coiirad-BUlroth (1932) may be a little too high. But if it is assumed 
that the value off is not far from the true value, the alternative cause of the 
discrepancy may be the non -applicability of the expression for the .transition 
juoment in this particular case. It can be seen that in Davydov’s theory it is 
assumed that all the iieighbriunng moleciiJes have the transition moment producer! 
simultaneously, the magmtiuJe of this inomeiit being determined by the probabi- 
lity of excitation and is taken as the mean transition moment. Such an 
assumpt ion will load to a correct value to extinction coefficient, because a large 
number of molecules is contained in a .small volume. In calculating the influence 
of the noigliboiiring dipoles on the transition inoinent, however, we are (joncerned 
only ^vith the molecules in a few unit cells and a correct value of the mean square 
tiansition inoineiit in this ca.se cannot be given by the theory It may so hajipen 
that v'heii a molecule (s excited none of its nearest neighbours is excited simul- 
taneously and v'hen the oscillator strmigth is very low there is high probability 
of occurrence ol such an event. 7Tiis may produce a horizontal comjionent 
midisplacod from its original position. When the oscillator strength is high 
t here is high probability of simultaneous excitation of the neighbouring molecules 
m a few unit cells, and therefore, the theoretical values of the splitting may agree 
with the ob.seived values as in the case of anthracene (Craig and Hobbms, 195.5). 

Tt is quite clear, however, that wdien the transition takes place in the field of 
lienuaneiit dipoles a large splitting occurs, as in the case of o-dichlorobenzcne. 

As the crystal structure of o-dichlorobcnzeue has not been determined yet with 
sufficient accuraty if. is not po.«Bible to calculate the splitting on Davydov’s 
theory 
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DIPOLE MOMENTS OF SOME ALIPHATIC AMINES 

D. V. G. L. NAEASIMHA RAO 
Physios Det'ahtment, Aetdhha. Univsjrsity, Waltaib 
{Received, December 1958) 

ABSTRACT, The dipole moments of eight higher members of the aliphatic amines 
have been determined in solution in benzene at 30°C and the results are disous8ed,in the light 
of their inoleoular structure. Apart from the fact that the reported values of the dipole 
moments ore new, the investigation was undertaken as a rornplomentary to measurements 
on the same molecules in the oentimetric region. 

INTRODUCTION 

The apparent polarisations of ammonia and its mono-, di-, tri- methyl and 
ethyl derivatives have been studied in the solvent benzene by Le Fevre and Russell 
(1947) and Barclay, Le Fovre and Smyth e (1950). The latter authors have 
iilso extended the investigations (1951) to /i-propyl and rt-butyl amines for which 
the variation of moment with slfite is studied and also the apparent moments 
in solution of certain other amines. A positive solvent effect is noted by all 
these investigators. From a study of the moments of eighteen aliphatic and 
aromatic amines in seven non-polar solvents and of fifteen liquid amines in the 
pure state, Cowley (1952) could show that in most cases the solvent effect is 
small. The solvents benzene, toluene and dioxane gave small positive solvent 
effects confirninig the previous results but with other solvents a small negative 
solvent effect is the more usual observation. Variation of polarisation with 
change of concentration from infinite dilution to the pure solute is also studied 
and is shown to depend on the type of amine and also on the value of its dielectric 
constant. The dipole moment values are corrected for the atom polarisation 
which is assumed as 5 per cent of the electron polarisation. 

The aliphatic aminos may be considered as substitution products of ammonia 
in which one hydrogen atom is replaced by an alkyl group. The bond angle 
of ammonia (109°) may be taken as evidence of the existence of hybridized orbitals. 
It has been found that the lone-pair contribution to the resultant moment 
is much higher than in the case of water. Arguments similar to those of ammonia 
also apply to the aliphatic aminos. The low moment of tri-methylamme may 
be explained as due in part to the wider bond angie compared to that in ammonia, 
with the result that the lone-pair orbital has less s-chataoter and hence makes 
a smaller contribution to the dipole moment. 

61 
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Till now all obsciwatioiiB are confined only up to butylamine. There are 
jio investigations on the still higher aliphatic amines, A systematic study of 
eight higher members of the homologous scries, starting from amylamine to 
decylamine, is made by the author, the ineasuroments being carried out in 
solution in benzene at 3()"C. Not only do the results serve as an extension of the 
previous work, they also provide a useful check on the values derived by the 
author from measurements made on the same molecules in the microwave region 
(to be published shortly). 

EXPJIRIMENTAL 

The experimental technique and the method of computing the moment 
from the observed data are described in an earlier publication of the author 
(1956), 

REHULTS AND DISCUSSION 

The detailed observations of dielectric constant and refractive iiidex arq 
presented in Tables 1- to VTII and the consolidated results are shown in 
Table TX. For completeness, literature values on the lower imunbcrs of the 
series (8mith, 1965a) are also given ui Table IX. 

Let us assume a bond angle of 110° in rnethylamine, a set of reference axes 
with the N atom at the origui and fix the a;-a3iis in the axis of syimnetry (of the 
parent NHa) and choose the a^y-iilane to pass through the C atom. The moment 
components outside the plajio of symmetrj'^ cancel one another. The Jjond 
moments may be derived from the values for ammojiia (1.45D) and trimethy- 
laniine (0.64 1)) as 

3(H-N) cos 68° = 1.46 H - N = 1.29 

3(R-N) cos 70° - 0.64 R-N =- 0.62 C - N -- 0.22 

Using those values, wo get for methylaniine 

= (R-N) cos 70° + 2(H - N) cos 70° = 1.09 
my -- (R-N) sin 70°+2(H-N) sin 70° sin 30° =-0.63 
/<, = = 1.26. 

The calculated value thus agrees well with the gas value of 1.28. It may be 
shovm that the angle between the molecular dipole axis and "the C-N bond 
direction is 30°+70“ — 100° (Smyth, 1965). The calculated value for all the 
other higher animes (only one H atom of NH3 is substituted) is the same as for 
meikylamine, excoiit for some induced effects of the primary dipole on the 
hydrocarbon chains. !t is known that the dipolo axis in methylamines is not 
far from perpendicular to the direction of maximum polarisability and hence the 
solvent effect causes the apparent moments in solution to he higher than the 
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Dipole Moments of some Aliphatic Amines 
TABLE I 


w-Amylamiiie 


w 

Ae 

Aefw 

ni2 

nja-* 

An2 

(-) 

(-) 

0.01635 

2.3065 0.0425 

2.600 

1.49298 

2.22900 

0.00668 

0.341 

0.04442 

2 3796 0.1166 

2.603 

1.48976 

2.21939 

0.01519 

0.342 

0.06269 

2.4283 0.1643 

2.620 

1.48798 

2.21409 

0.02049 

0.327 

0.08900 

2.4961 0.2311 

2 596 

1 48553 

2.20681 

0.02777 

0.312 

0.10210 

2.5283 0 2643 

2.689 

1 . 48305 

2.19946 

0 03513 

0.344 

0.11960 

2 6738 0.3098 

2.693 

1 .48120 

2.19396 

0.04003 

0.340 

0.13090 

2.6987 0.3347 

2.657 

1 47980 

2.18981 

0.04477 

0..342 

A = ->o = 2.605 Pq 

= 48.61 o.c. 





B = >0 = —0.339 fi 

= 1.66 £). 





TABLE II 
n- Hexyl amiiie 

to 

Kis Ae 

^bIw 


W,a2 

An2 

(-) 

(-) 

0.01931 

2.3083 0 0443 

2 202 

1.49436 

2.22798 

0.00660 

0.342 

0 03386 

2.3389 0.0749 

2.211 

1 .49102 

2.22313 

0.01146 

0.338 

0 04774 

2.3667 0.1027 

2.160 

1 .48964 

2.21902 

0.01566 

0 326 

0.07396 

2 4180 0.1640 

2.082 

1.48686 

2.21076 

0.02382 

0.322 

0.08060 

2.4468 0.1818 

2.031 

1 . 48600 

2 20522 

0.02986 

0.328 

0 10280 

2.4664 0,2014 

1.959 

1.48339 

2 20046 

0.03413 

0 332 

^ = 2 320 

B = ~ 0.331 

Po 60.81 o.c. ^ 

= 1 69 P 



TABLE TIT 
w-Heptylaminc 

w 

e,2 Ae 


nia 


(“) 

Anz/w 

i-) 

0.01372 

2.2916 0.0276 

2.011 

1.49326 

2 22081 

0.00477 

0.348 

0.02904 

2.. 323 1 0.0591 

2.036 

1.40168 

2.22482 

0.00976 

0.336 

0.04266 

2.3483 0.0843 

1.982 

1.49003 

2 . 22020 

0.01438 

0.338 

0.06176 

2.3837 0 1197 

1.937 

1.48810 

2.21444 

0.02014 

0.326 

0.07604 

2.4069 0.1429 

1.904 

1.48678 

2.21060 

0.P2408 

0.321 

0.09217, 

2.4374 0.1734 

1.881 

1.48467 

2.20425 

0.03033 

0.325 

0.10490 

2.4610 0.1870 

1.782 

1.48340 

2.20048 

0.03410 

0.325 

A = 2.040 

J? *-0.332 

Po = 51. 

.76 o.c. 

/i = 1.60P. 
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TABLE IV 
7i-0ciylamine 


w 

«ia 

Ae 

^ejw 

Wl2 

n-i 32 

An2 

(-) 

Am-s/io 

(-) 

0.00673 

2 2732 

0.0092 

1.374 

1.40423 

2.23272 

0.00186 

0.276 

0.01263 

2 2809 

0.0169 

1.361 

1 . 40364 

2 . 23097 

0.00361 

0 288 

0 02077 

2 2920 

0.0280 

1 345 

1.49292 

2.22880 

0 00578 

0.278 

0.03200 

2 . 3070 

0.0430 

1.320 

1 49182 

2.22662 

0 . 00906 

0.278 

0.05841 

2.3386 

0 0746 

1.277 

1.48791 

2.21899 

0.01650 

0.267 

0.09126 

2.3768 

0.1128 

1.230 

1.48702 

2.21123 

0.02336 

0.266 

0.11300 

2.3926 

0.1286 

1 139 

1.48626 

2.20607 

0.02861 

0.253 

A = 1.380 

B = 

-0.271 

Po = 40. 

,46 0 . 0 . 

/X = 1.42P. 



TABLE V 


w-Deuyl amine 


w 

f t2 

Ae 

Ae/w 



An2 

(“) 

(-) 

0.0061.5 

2.2706 

0 0066 

1,078 

1 49433 

2.23.301 

0.00167 

0.266 

0.01369 

2.2785 

0.0146 

1.0.57 

1,49377 

2.23136 

0.00323 

0.236 

0.02216 

2.2877 

0.0237 

1.070 

1.49313 

2.22944 

0.00614 

0.232 

0.02966 

2.2940 

0.0300 

1.014 

1 49267 

2 22777 

0.00681 

0.230 

0.03749 

2.3014 

0.0374 

0.997 

1.49171 

2.22620 

0.00938 

0.260 

0.04600 

2.3082 

0.0442 

0.983 

1.49111 

2.22342 

0.01110 

0.248 

0 . 06039 

2.3219 

0.0679 

0.059 

1.48971 

2.21926 

0.01533 

0.264 

A 090 

B = 

-0.244 

Po = 39. 

77c.o. 

ju. = 1.41 D 



TABLE VI 

Isoamylamiiie 

w 

Hi 

Ae 

A e/7/; 

71|2 


Aw® 

(-) 

^n-jw 

(-) 

0.01242 

2.2960 

0,0310 

2.494 

1 . 49348 

2 23048 

0 00410 

0.330 

0.02973 

2.3394 

0 0764 

2.5.36 

1,49167 

2 22507 

0.00961 

0.320 

0.04033 

2.3672 

0.1032 

2.660 

1.49041 

2.22132 

0.01326 

0.329 

0 05860 

2,4141 

0.1601 

2.562J 

1.48829 

2.21601 

0.01967 

0.334 

0.06960 

2.4404 

0.1764 

2.635 

1.48720 

2.21176 

0.02283 

0.328 

0.09186 

2,4913 

0.2273 

2.476 

1.48466 

2.20418 

0.03040 

0.331 

0,10560 

2.6200 

0.2560 

2.426 

1.48296 

2.19913 

0.03546 

0.336 

A =« 2.640 

B = 

-0.330 

Po — 47 . 4 O 0 . 0 . 

fi = 1.63 D. 
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TABLE VII 
Isohexylamiii© 


w 

®12 

Ae 

Aelw 



A«- 

(-) 

An^lw 

(-) 

0.01114 

2.2929 

0 0289 

2.592 

1.49371 

2.23117 

0.00341 

0.306 

0.02810 

2.3235 

0.0695 

2 675 

1.49266 

2.22770 

0.00088 

0.298 

0.03402 

2.3636 

0 0896 

2.032 

1.49162 

2 22464 

0.00994 

0.292 

0.04381 

2.3846 

0.1205 

2 761 

1.49067 

2.22179 

0 01279 

0.292 

0.06331 

2.4137 

0.1497 

2.809 

1.48973 

2.21928 

0.01630 

0.287 

0 00032 

2.4379 

0.1739 

2. 883 

1.48907 

2 21733 

0 01726 

0 280 

A = 2.390 

B = 

-0.294 

Po = 61 

44 c.c. 

jii = 1 .GOD. 



TABLE VIII 

Tertoctylamino 

w 

®13 



nij 

UM'-i 

AW*! 

(-) 

(-) 

0.01243 

2 2769 

0.0119 

0.965 

1 49373 

2.23122 

0.00330 

0.270 

0.01972 

2.2825 

0.0186 

0.938 

1.49303 

2.22913 

0.00546 

0.276 

0.04163 

2.3050 

0.0410 

0.988 

1 49162 

2 . 22463 

0,00996 

0 240 

0.06181 

2.3123 

0 0483 

0.931 

1 49018 

2 22064 

0.01394 

0.269 

0.06963 

2.3306 

0.0066 

0.966 

1.48845 

2.21647 

0 01911 

0 276 

0.07893 

2 . 3390 

0.0750 

0.960 

1.48786 

2.21373 

0.02086 

0.264 

0 09919 

2.3689 

0.0949 

0.967 

1.48681 

2 20763 

0.02695 

0.272 

0 11660 

2.3748 

0.1108 

0 960 

1.48468 

2.20397 

0.03061 

0 262 

A = 0.960 

B = 

-0.206 

Po = 

29.79 c.o. 

fi ^ 1 22 D. 



TABLE IX 


Compound 

Formula 

Author 

Literature 

l^B 

values 

fly 

Ammonia 

NHa 



1.40* 

1.46D 

Mothylamine 

CH 3 NH 2 

— 

1.46 

1 28 

Ethylamine 

CHsCBaNHa 

— ■ 

1.37 

0.99 

n-Propylamine 

CH3(CH2)2NH2 

— 

1 32 

1.17* 

n-Butylamine 

CHa(CH 2 ).>,NH 2 

— 

1.32 

1 00 * 

sec -Butylamine 

CHaCBNHaCHaCHs 

— 

1.28 

— 

tert-Bubylamine 

(CHalaCNHz 

— 

1.29 

— 

n-Amylamine 

CHa(CH 2 ).iNH 2 

1.65 

— 


n-Hexylamino 

CH„(CH2)5NH2 

1.59 

— 

— 

w-Heptylamine 

CH3(CH3)(.NH2 

1.60 

— 

— 

n-Ootylamine 

CH3(CHa)7NH2 

1.42 

— 

— 

n-Deoylaine 

CHi(CH3)0NH2 

1.4] 

— 

— . 

Isoamylamine 

(CH3)aCH(CH2)2NH2 

1.53 

— 

— 

Isohexylamine 

(CHa) 2 CH(CH 2 ) 8 NH 2 

1.60 

— 

— 

Terto otylamine 

(CH3)8CNH2(CH2)4 

1.22 

— 

— 


♦value of Le Fovre ajid Bussell (1947) 

♦♦values of Barclay, Le Pevre and Sraythe (1961) 
values in solution in benzene 
values in the vapour state. 
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gas values (i.o., a positive solvent effect). It is seen that for all the amines 
listed in Tabic TX for which the vapour values are avail- able > /ly. Cowley 
(1952) also observed a positive solvent effect for w-propyl and ?i-butyl amines in 
all the solvents ho used. This may perhaps explain the values obtained in this 
investigation. But, when compared to the literature values on the lower 
members, the author’s values appear to be slightly high for some of the mole 
culos. The following points may be noted ■ 

(1) As we go higher up in the homologous series, there is a tendency for a 
decrease in the moment. This is in conformity with the conclusions of Smith 
(1966b). As is already shown the resultant moment of the primary dipole is 
inclined at an angle of 100'’ with the C-N bond. Consequently there is rather 
a greater change of the induced moments opposing the primary moment than 
assisting it. 

(2) The moments of the normal and iso- compounds are almost the same. 

(3) The moment of the tertiary amines is a little less than that of the normal 
compound. A difference of 0.20 is obtained between ?i-octylamine and tert- 
octylamino. The corresponding difference is 0.1 1 for the butylaminos (cf. Table 
IX). 

(4) A small positive solvent effect in benzene appears reasonable. It is 
probable that a considerable change in the angle from 90*^ between the mole- 
cular dipole axis and the axis of maximum polarisability lowers the solvent effect 
so that the difference between vapour and solution values becomes much less. * 
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STUDY OF AN OSCILLATOR WITH TWO DEGREES 
OF FREEDOM BY A DIFFERENTIAL ANALYSER 

B. R. NAG 

Institute or Hadio Physios and Eleotbonics, Univebsity or Calcutta 
[Receivcdt June 17, 1958} 

ABSTRACT, Equaiious giving the stable amplitudes of osoillation and tho conditions 
of stability of all the possible modes of oscillation of an oscillator with two degrees of freedom 
and stabilised by a non-linearity which can be dosoribed by a third degree polynomial are given, 
The use of a differential analyser for tho verifloation of these equations is illustrated. Also 
a method of graphically representing tho transiont oscillations on the analyser is described. 

X N|T R O D U C T I ON 

Oscillators described by two simultaneous differential equations of the 
second order have two iiossibJe frequencies of oscillation. If the non-linearity 
of the circuit is neglected, it follows that oscillations will occur independently 
at both the frequencies, the amplitude at any one frequency being determined 
only by losses at that frequency. However, tho non-linearity which is essential 
for limiting the amplitudes of oscillation introduces interdependence. Duo 
to this intordepeudenco there are two distinct modes of oscillations. In the 
one, tho oscjillator may oscillate at any one of tho two frequencies and the ampli- 
tude of oscillation is then determined by the losses at the oscillation frequency; 
in the other it may oscillate at both the frequencies simultaneously and the 
amplitudes in that case are determined by the losses at both the frequencies. The 
detailed characteristics of such an oscillator may be obtained by solving the 
differential equations taking into account the contributions due to non-linearity. 
In the present paper, the solutions as obtained by the variation of parameter 
method are presented (Van der Pol, 1922; Fontana 1951; Schaffner, 1954). 

Experimental verification of the theoretical results were obtained earlier 
by actual oscillator circuits, the non-linear terms being realised by vacuum 
tubes (Fontana, 1961). A closer and more detailed representation of the non- 
linear terms is possible with a differential analyser. The author has made use 
of a differential analyser with a view to verify the theoretical derivations for 
non-linearities expressible by a polynomial of the third degree. The results 
obtained are presented in this paper. 

In visualising the growth of a particular mode of oscillation from the initial 
conditions, plots of the transient oscillations are very helpful. Theoretically, 
the transient plots are obtained by the method of isoclines and involve consider’- 
able labour (Schaffner, 1954). A simple method of obtaining graphical repre- 
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sentation of the transient oscillations by depicting experimentally the trajectories 
in the A 1 —A 2 plane on the analyser is also described. 

TYPICAL OSCILLATORS DESCRIBED BY TWO 
SIMULTANEOUS SECOND ORDER DIFFERENTIAL 
EQUATIONS 

In ge^^era], oscillators consisting of two separately tuned circuits coupled 
together are described by two simultaneous differential equations of the 
second order. The tuned grid tuned plate oscillator is an example. The equi- 
valent circuit of a TG—TP oscillator is shown in figure 1. 



Fig. 1. Equivaloni circuit of a timed grid tuned plate oscillator. 
The differential equations describing the oscillator are given by 


dW, _±_ d M 1 \ F, C\, 

di‘ ^ r;i+ di. VR, R^ I c-',,) (Oi-l-Oi,) di»' 


= dilmJA 

(Oi4-(7i2) dt 


(la) 


, 1 I dFa , Fo 


di^ 


= 0. ... (lb) 


Ff Up is very large compared to R^, the non-linearity is introduced by 
only. j 7 „, can bo generally expressed as a function of Fg in the form of a poly- 
nomial 


Common single tuned circuit oscillators when supplying the output to a 
timed load directly coupled to it are also described by two simultaneous differential 



Fig. 2. Equivalent circuit of a tuned plate oscillator coupled to a tuned circuit. 
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oquationB of the second order. Such coupling is usual in the R.F. extra high 
tension supplies. The equivalent circuit for a tuned plate oscillator coupled 
to a tuned load by mutual inductance is Shown in figure 2. 

The differential equations for this circuit are 

4- f A_ -U ^ 4.„ M, ] dl, _ M dl, 

dt^^ L (^a+A)' (4+Xi)C'J dt CL^-^L,)G^Rp dt 


+ h- /14. \ _ 


M dHj, = 0. 


(La+I'i) dt^ 


(2a) 


dU^ R^dh 1 tM d^I, _ . 
dt^ 4 ~dt ^ dt^ 


... (2b) 


SOLUTION BY THE VARIATION OF PARAMETER 
METHOD 

The above differential equation may, in general, be vTritten in the form 

- I**' 
■■■ W 

In what follows it is assumed that 

ana F,( ^ ) = a, 5 - aJM - (^b) 

Eliminatmg and neglecting terms involving the product a^a^, which is assumed 
to be -small, one gets 

-K,K, 


.2 
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When = 0^2 = 0, solution of Eqn. 4 is given by 

Xi = cos (cdio« + ^l) + ^2 COB (t020« 02). ‘ (6) 

where 


2 _ -1- - W2^)^ + . 

2(i-^iiC2r “■ 

2 - + [(«i“ ^ <^ 2 ) + 

“ ■ 2(1 -^1^2)““ " ■■■ 

^1, -4 2, 01 and 0^ are constants determined by the initial values of x^ and 
its derivatives. 

When and Uj are finite -4^, A 2 , 0i and 0^ are not constant but are functions 
of time. In that case we may rewrite Eqn. (6) as 

x^ == .4i(«) cos [oioi H 0i(<)J 4 A^ii) cos [coao^ + 02(0]. ■■■ (7) 


and substitute this value m Eqn. (5). Smco and a,^ are small, though finite, 
an approximate solution may be obtained retaining the first order derivatives 
only. Thus 


vdiere 


(l^^i^a) F 


dA^_ 

i’8m(w,o^H-0i) 

‘^lo(^'^20^“ ^*^10^) 

... («a) 

dt 


F sin (coao< 4" 02) 

... (8b) 

dt 

“20(^20* <^10^) 

#1 _ 

_ 1 F COB («iof 4- 0i) 

... (8c) 

dt 

•^1 ^Jo(c^20* C)io^) 

d02 

1 F cos (tOao^ 4- 02) 

... (8d) 

dt 

■da t02o(t»l20^ ^10^) 


-S' ^i- 


(9) 


Since ttj and «2 assumed to be small, ,4i, Az, 0i, 0a, which vary little 
over a period of oscillation can be approximately taken to be equal to their average 
values over the period. 
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Now, is given by a polynomial, F can be expanded into a Fourier series 

Stt Stt 

of the two fundamental periods --and — . Let am, bo the coeffi- 

oients of sin (om^ + ^i), sin (coao^ + ^ 2 ), cos (com^ + 0^), cos (cogo^ + ^ 2 ) respec- 
tively in the expansion, then 


II 

_ ^10 ^ 

2 Wlo(“20® - Wjo® j ’ 

... (lOa) 

II 

1 __^20 

2 C»i2o(<^20* **^10^) > 

... (10b) 

11 

1 ^10 

2 dj <*>io(t»i2o^~cim^) 

... (lOe) 

d<p2 

1 _^ap 

... (lOd) 

~dt ~~ 

2 dgCOgoCcoao^-Wio®) ■ 


If ( 1)10 and Wao are not integrally related, the only conditions for equilibrium 
arc A■^ =0, — 0, and the equilibrium values of Aj and A 2 may bo obtained 

therefrom Also, the eqiulibrium is stable if the roots of the equation 



dA^ 


= 0 ... ( 11 ) 


1 '■ ^ dA, 

have then’ real parts negative for the equilibrium values of -dj and A 2 . 

If Wm and Wgo ^-rc integrally related, i.e,, ^ , E being an integral 

3 3 

ratio, then for equilibrium in addition to the conditions iij = 0, -dg = 0, it is 
required that 


= 0. 

In this ease stable equilibrium will require the roots of the equation 


( 12 ) 


ddi 

ddi 

ddi 

dd, 

ddg 

d0 

dig 


ddg 

dd, 

^ dda 

d^ 

dd^ 

dif> 

ddjj 

it. 


( 13 ) 
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to have negative real parts. The derivatives are to be evaluated at the equi- 
librium values of i4p and 0. 

It may be noted that small deviations in the ratio of ^ from the integral 

Wio 

value may be compensated by 0. In that case for equilibrium condition (12) 
will be replaced by 


= 0 , 

where Ao = (1^) 

An oscillator, stabilised by a non-linearity characterised by a^flxi) = cxj^ bx^, 
will now be considered in the light of the above general analysis. For such 
an oscillator three distinct oases are to be considered; these are discussed below : 

Case I : Wao/w^o has a value other than 2/1 or 3/1. In this case, 

(1 — K-yK^a^Q — ^io^)^io 

+ ± ... (16a) 

(1 — = — a2A2(W20* (Ol®)<i)20-j“®l-42(^20^ 

Putting 


and 

Eqn. (ISa) and (15b) may be written as 

{\-KyK,)ay ,^ ... (16a) 
(1--^1^2Ko=“ I (“2o'‘-"“2’*)[-^20®-|-^2’'+22li2]^a 


^2(«2o“-‘«i2>2o(^2‘‘H-2A’’). - (15b) 

— 6,, = 0 ... (16c) 


^ “aLTlV = ff 

(ll»® Cil«* * 


(pO,-Oi) =-^„*. 

(o-o,-o,) =-A„^, 


... (10b) 
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Hence from Eqns. (10a) and (10b) 


2{1-K,K,)A, = 
2{l-~KJC,)A, - 


C ( tdg^-Mio^) 

4 (wao2_co^^2) 




— r a a_i_ j 210^ 21^1 


(17a) 

(17b) 


Conditions of equilibrium are given by 

^i(-^io'+^i®+2^a5») = 0, 

These conditions are satisfied by either of the following three possible combi- 
nations of Ai and A^ ■ 


(1) 

o 

11 

o' 

II 

... (IKa) 

(2) 

II 

o 

11 

... (18b) 

(3) 

^2 — 2w420^ - .^10^ At 2i4iQ^ .^20* 

" 3 -3 

... (]8c) 

The equilibrium corresponding to the combination g — 0, 

Ai = .4,1, 


A 

is stable if ^-i^d that corresponding to the combination = 0, — -^20 

A ^ 

is stable if < 2. The third comburation gives unstable equilibrium (Van 
"20 

Der Pol 1922). 

Thus, the oscillator will oscillate at one frequency at a time. Further, if 
A * 

i < 2 the oscillator may choose any of the two frequencies, the choice 

^20 

being determined by the initial values of A^, A^ and their derivatives. 


GqiSb II ’• ^20 ! ^10 3 I 1. 

Here, 

cos <{,] 1 u,„4,(u,“ - o»jo’“), ... (19a) 

(l-i:i^:,)a,„= [.4,„»-(^,*4-24,»)-.^^cos9i] I ... (19b) 

(1— Jr,x,)!(j, = |■o>lo(«^® — Oio’“).4i*.il2Bm9J. ... (19c) 

(l-jr,if,)6„ = — 5 <o„(6i,o* - «g*)-^ sin ... (19d) 
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Thus, from Eqns. (10a), (10b), (10c) and (lOd) and remembering Eqn. (12), 
m-K,K,)A\ = ^ cos 4,. ... (20a) 

2(1- W; = { - (20l» 


2(i-.s:,^-,),j = “ 


3(t>)g^ — COio^) J 2 I (^2( 
(^ 20 ^ - ^ 10^1 ^ 


‘ - ^ 2V 
- “10®) 


^1® 1 • 

3^ J 17^“^ 


Equilibrium conditions are obtained for either of the two possible com- 
binations: 

(1) Ai = 0, A 2 = A 2 Q. ... (21a) 


(2) Aio^ = 2 ^ 2 ® + ^ 1 ® + -^ 1^2 cos 0 (sin 0 = 0),, ... (21b) 

A^a = 2 ^ 1 ® + A^ + ^ cos 0 (sin0 = 0). ... (21c) 

oA^ 


Of these the equilibrium given by the first combination will be stable if 

A * 

-A~ < 2. The equilibrium corresponding to the second combination will be 
“^20 

stable if* cos 0 = — 1, i.e. </> — n and if A^ and A^, given by equations (21b) and 
(21 o) satisfy the condition • 

(2^.» - ^,4,) ( 2^.> + .^ ) - {iA,A, - < 0. 

Writing A 2 = nA-^, n being a positive real number, the above inequality 
reduces to 

Whence, n < 0.64 . . . (22) 

i.c. the combination 2 is stable if the ratio between the equilibrium values of ilg 
and A^ is loss than 0.54. _ 

A ^ 

Further from Eqns, (21b) and (21c), it is observed that n is related to -r^ 

■“20 

by the relation 


A s 
■“20 


2n^ + 1 — ^ 

2+»“-3-n 


( 23 ) 
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When £Oao departs from 3 Wm by a small amount Aw, i.e., w^o = Sw^o ± v' » 

2[1--KiK2) 

equilibrium conditions are given by 

Au = -4 [ + r-®^ ~ “‘ 2 I 4* sin^. ... (24a) 

4 L (Wgo Win ) (^20* <*^10*) 3 J 

... (24b) 


(wgQ® — Win®) (^>^20* <*^10*) 

^ 10 ® = 2 ^ 2 ® + Ai^ 4- ^i-da cos 0, 


4,0* = 24i» + 4,» + ^oos ij). 


... (24c) 


Cast III 1 Wao ' Win = 2:1. 

In this case, it may be seen that 


2(l-£:,^:,)4; = " “lo^f ^„a_(^,a+24o“)- ^*4.cos,i 1 A„... (25a) 

* 1^20 ^10 / *■ O J 

2il-WA.= -l [4o,a-(4,»+24,a)-?'' ^^£-cos^] 4 (265) 

2(l-KiK,)i) = ^ [ 2i“a4-^%,a+ 1 ... (25o) 

2 L (wgn WjQ ) (<*^20** ^10 ) ^ 

Equilibrium conditions arc given by either of the two possible combinations : 
(1) ^1 = 0, .42 = ^ 0 . - (26a) 


(2) 


4 I 10 * = A^-\-2A^-{' — A 2 cos 0 (b Bin 0 = 0) 
c 


^ 20 “ = A2^+2A^^+ 


2 6 A/ 


c 2Ao 


cos 0 (6 sin 0 = 0) 


(26b) 


(26c) 


j 4 3 


Eor the first combination the equilibrium is stable when < 2. For 

A 20 " 

the second combination, the equihbrium is stable if b cos {i is negative and 

... (27) 


J 4,» + ^ 4,» • 


64,» - -^4, > 0. 


where A^ and A^ satisfy the equations (266) and (26o). 

It may be noted that Eqns. (26b) and (26c) may be solved directly to obtain 
the equilibrium values of ^li and A^- Thus, on eliminating A^ the following 
equation is obtained. 

4,»- [4„»-24i,» + 2( J)] ^^i.* = 0, (28) 
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For a particular combination of the values of-^ , and thpre are three 

values of which satisfy Eqn. (28). However, only one of them satisfy the 
inequality (27). 


When coao departs from 2 com by a small amount Aw, i.e., Wgo = 2ci)io± ^ 


Aw 


-2{i-K,K;y 

Eqn. (26c) is replaced by 

AtL»=— ^ [ 2 A 2 1, ( ^20^ ^ ^2^) ^1*1 ^ 

2L (w2-w2) ^^(w2_-co2)2 J a: - ^ ^ 


It should be noted that in both Cases II and III oscillation at the lower 
frequency alone is not possible. The oscillator may either oscillate at the higher 
frequency alone or at both simultaneously. 


EXPERIMENTAL VERIFICATION 

The theoretical results presented in the above section have been verified 
on an electronic differential analyser. In the following paragraphs the appli- 
cation of the analyser for the verification of Eqns. (18a), (18b), (23), (24a) and 
(28) has been discussed. 

9 

The differential equations to be set on the computer are 

5 +a4«+/i:4:^=0. ... (30b) 

Eqn. (30a) can also be written as 

® +j:, J = 0 ... (30o) 

A set-up of the differential analyser for solving Eqns. (30c) and (30b) is shown in 
figure 3. The non-linear function generator for generating the function /i(a;j) = 

h c 

„ a:i“+ * 1 ® is of the biased diode type (Burt and Lange, 1966, Meissinger, 19 ^)?. 

2 o 

The solution Xi, .Tg and their derivatives appear at the points marked on the 
figure. 
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Eqns. (18a) and (18b) relate the losses at the two frequencies with the ampU* 
tudes of oscillations when the oscillations occur singly. For verification of these 



Fip. 3. Set-up of ilie differential analyser for solving the oquatiors : 
®t — H' (^>*1 "f H- + fc2*a ™ 0* 

ajj-l- «2aj2 H- ^2^*2 + ^1*1 ~ 



.Thooreiioal plot for stable oscillations. 

Theoretical plot for unstable osoillation. 

X) Experimental points. 


1-a =0.912. p = 1.714 Il-<r = 1. 

3 


P ^ 1 


= 1.096 p*0cij 
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equations osoillations at the two frequencies are excited individually and their 

dyi 

amplitudes measured for selected values of the parameters p, or and — 1 . In 

c 

figure 4 experimental plots relating and with are shown along with the 

theoretically calculated curves for three sets of values of p and cr for — i. 

c 

Eqn. (23) gives the ratio of the amplitudes of simultaneous oscillations at the 

A ® 

two frequencies related by the ratio 3 ; 1 for different values of . Verification 


of this equation would require determination of the ratio for different settings 


of . Different values of were set by varying . Values of within 
-^20 A 20 ff'i A 20 

the range 0 to oo were obtained by making — i and — 0.8 and values 
within the range ~ oo to 0, by making = 0.8 and (Og® = 1. For determining 
the ratio of the amplitudes, oscillations at the two frequencies were first separated 
by combining the outputs at B and C. The output at A is given by 

= Ai cos ^ ^l) H" *^2 (^20 ^ 9 ^ 2 ) 

The outputs at B and 0 are therefore given by respectively • 

= ~ \ sin (wjo t + 0i)— --2 sin ^ 2 ) 

J Cl)in (Onn 




A 2 
■“111 _ 


and 

Hence, 


^10 “^20 

Bq =-a:i = cOio sin t <p^) + o> 2 q^z (wzo ^ + ^z) 

sin (cOgo ^ + ^2) 


Wan 1 


(l“ ‘"K) 

\ coaoV 




Win \ Wan® / 


sin (wioH-0i) 


(31a) 


(31b) 


'^10 ' ^20 

Thus, the amplitudes of oscillation at the two frequencies can be deter- 
mined using the Eqns. (31a) and (31b). Experimental values of w = for 

A * 

different values of along with the theoretical values are given in figure 6. 
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Eqn. (24a) relates the phase difference between two approximately 83 aichronous 
oscillations pulled into synclnonism by the non-linearity, with Aco. Verification 



- Tlioorotical plot far stable osoillationa 


Theoretical plot for unstable osoillations 

o Exporimonial poiiitb. 

of this equation requires determination of (/> for different settings of Ato. This 
was set to different values by varying the value of K^K,^. The phase ((> was 
measured by an osoilloscjopo. The arraiigeinent used in shown in figure 6. 

/< 



Fig. 6. Experimental arrojigomoiil for measuring 0 when u-o “ Sw,,, ± 

OsoiUationB at the two frequencies were separated as described above. The 
sinusoidal voltage varying at the frequency Ogo was fed to the X-plate and that 
varying at the frequency <0io was fed to the Y-plate. In general, the plot on the 
oscilloscope screen touches the vertics*! line at six points, marked A, B, 0, D, E 
and E in figure 6. Let dgp and dgj^ denote the distances between A and 
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F, B and E, C and D respectively. Then cos ^ ) and also - = 

dj^p \3 3 / 

cos + 3 ] • Tlio distances and doj) were measured by shifting the 



Fig, 7 . Plot ot fp against A" for <1)20— ‘iwio zf Aw. 

Thoorotical plot. 

o Exporimental points. 


pattern vertically and noting the voltages required for bringing the different 

points on the zero lino, which was put on the oscilloscope by opening a switch 

at intervals. The shifting voltage was obtained from a calibrated helipot which 

gives the distance directly. The experimental plot of (j> against Am, for = 

Mjj 2 = 1 are shown in figure 7 together with the theoretical plot. 

Data for verification of Eqns. (26b) and (26c) were obtained in the same 

manner as indicated in connection with Eqn. (23). The experimental plots of 

A • 2h ~ 

agamst— for three values of A 20 ^ corresponding to A^^^ — .2 is shown in 

figure 8 along with the theoretically calculated curves. 


EXPERIMENTAL TRAJECTORIES IN THE A1-A2 PLANE 

In all the cases discussed above it is found that the oscillator has two possible 
modes of stable oscillation. The particular mode chosen by it depends on the 
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initial values of aud <j). The growth of a particular mode from the initial 

conditions is usually illustrated by drawing trajectories in the Ay^—A^^ plane 



Fig. 8 . Plots of A-ifAx against — for (O30 2 «jo. 

Theoretical plot 

o Exporhnental points 

1 ~ Axq2 = 0.2 A.ixxi - 0.1 

II - Ai„2 =. 0.2 A 202 - 0.2 

III - Aur =- 0.2 . 420 “ -= 0 26. 

^pplyiiig method of isoclines. On the differential analyzer these trajectories 
may also be easily obtained by applying voltages proportional to Ay and .4.^ or 
some function of and A.^ to the X and Y plates. It has been described before 
how voltages proportional to Ay sin and A^ sin (oigo ^ + ^2) 

obtained by combining the outputs at B and C (figure 3) in the steady state. 
During the transient state also the combined voltages will have amplitudes very 
nearly proportional to and A^ when ay and are small. Similarly by combin- 
ing the outputs at A and D voltages proportional to Ay cos (wio^+^i) ^2 

(wao ^ + ^2) obtained. By squai’ing these Sine and Cosine voltages and 

adding them voltages representing Ay^ aud A^^ may be obtained. 



Fig. 0 . Experimental arrangement for double three phase rectification. 
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For getting voltages proportional to and A 2 , one may subject the sine 
and cosine voltages to multiphase rectification. One arrangement for doing 
this is shown in figure 9. 

It will be noted that the voltage output at 0 is proportional to Ai but is mixed 
up with a certain amount of ripple, which is 3% in this case. The ripple content 
may be further reduced by quadruple three phase rectification in which case the 
ripple is only .6%. For obtaining the trajectories it was found advantageous 
to employ the voltages corresponding to A ^ and ^2 as obtained through the 
multiphase rectification circuit for it requires less components and is simpler 
than the squaring circuit. 

The trajectories as obtained on the analyser are shown in figure 10. Figure 
10(a) gives the trajectories for a particular combination of aigo and coiq, not 
integrally related. It is seen that in this case the two stable equilibrium points 
lie on the two axes. The third equilibrium point which is unstable is also clearly 
indicated. 




Kig. 10. Experimental trajectories in the plane. 

(a) Trajectories for and “10 non-intogrally related. 

(b) Trajectories for w^o = Su],) 

(0) Trajectories for Wjo = 2 «io 
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Figure 10(b) gives the trajectories for = Scoiq. In this case one of the 
stable equilibrium points lies on the axis, whereas the other one lies at a point 
for which both and A^ have finite values. There is a third equilibrium point 
which is, however, unstable. In contrast to the previous' case, trajectories in 
the ^4]^, A^ plane are not unique in this case since they also depend on 0. This 
explains the crossing of some of the trajectories. Figure 10(o) gives the trajec- 
tories for ojgfl = 2wio, the general characteristics of which are similar to those 
in figure 10(b). 


CONCLUSIONS 

An oscillator with two degrees of freedom and stabilised by a cubic non- 
linearity has two possible modes of oscillations. It may oscillate at one of the two 
possible frequencies at a time or at both simultaneously. The latter mode is 
stable only if the two frequencies are related approximately by the integral ratio 
3.1 or 2.1. The order of approximation in the integral ratio permittmg the 
simultaneous oscillation is determined by the magnitude of the uon-hnearity. 
The stable amplitudes of oscillation as also their conditions of stability as obtained 
theoretically by the variation of parameter method agree quite closely with those 
obtained experimentally with the help of a differential analyser. A differential 
analyser can also be used very usefully for obtaining trajectories in the Ai—A^ 
plane which show clearly the growth of oscillations of a particular mode from the 
various initial conditions, as well as the different possible equilibrium points. 
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LIGHT ABSORPTION IN PARAMAGNETIC IONS IN 
STATE OF SOLUTION. PART 1— CUPRIC IONS 
A. MOOKHEBJI anb N. S. CHHONKAP, 

Ph\isiob Labojiatobtmh, Ao»a Collegk, Agba 
{Received, Janunrii 6, 1959) 

ABSTRACT. The light absorption froin 3900 A to 10,000 A for eighteen cupric aalte 
111 aqueous Holuiion have beoii atudiod with a 111 Iger “ttvispf.k” spectrophotometer with an 
accuracy oi 2 A t<i 10 A in dilTeiont regions. 

Jt IS obsorvod that Cu+* ions in aqueous solution have sharp absorption bands lying 
between 8110 A arul 61 HO A for different salts. The results aro discussed in relation to the 
observed magnetic moments and g-values From a. study of the calculated oovalenoy factors 
it) IS eonoludod that tlie moan magnetic monient/S do not change from salt to salt amongst the 
Rul}»hatos, chloridos and nitrates but are appreciably different lor acetate, amines etc In 
state of aqueous solution the suits are more ionic than in crystalline state if is the same. 
In aimnosults, aceljato and propionate the covalonoy faotor is made np of two factors 
ansing from the n and tt orbit.al overlap. 


1. INTRODUCTION 

Extensive magnetio measurements on single crystals of cupric sulpRate 
pontahydi'ate (Krishnan and Mookherji, 1936 & 1938) and other salts (Krishnan 
and Mookherji, 1938 ; Mookherji, 1945 , Bose, 1948 and Bose et al, 1957) have 
revealed that magnetic behaviour of Cu ions in crystals may be explained in 
several details by assuming the Cu^ + ions to be under the influence of a strong 
and asymmetric crystalline electric field arising out of an axially distorted octahe- 
dral cluster of water dipoles, surrounding the metal ion. The effect of such a 
field is to split the ground slate of the ion into a Stark pattern. According to 
Bethe (1929, 1930) and others (Ahragam & Pryce, 1961 and Owen, 1964) Stark 
splitting of the original ground state, of free 0u++ ion due to a crystalline 
electric field conforming to a potential 

V == i)(X4+ j^4)+A(Z2_j- F8-2Za)H-5(ZH6Xap>) (1) 

is shown in figure 1, spin-orbit splitting being neglected. The first fourth degree' 
terms in tliis expression represent a field of cubic symmetry the coefficient 
of which IS positive here (Gortor, 1932 and Van Vleck, 1932) and the remaining 
two terms represent the second and fourth degree components of the axial’ 
(tetragonal) field with symmetry about z-axis and both the coefficients are 
positive for the usual Cu++ salts (Bleaney, Bowers & Pryce, 1956; Ahragam- 
& Pryce, 1961 ; Bleaney, Bowers and Ingram, 1966 and Bose et al, 1967). 

74 



A numerical estimate in CulKSOJg . 6 HaO by Polder (1942) using a model 
gives the tetragonal splitting of the same order of magnitude as duo 
to the cubic field. Experimental observations do not support this (Abragam 
and Pryce, 1961 and others). 
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Fig. 1. St, ark splitting of ground state of Cu++ion. 

Aociording to these workers the cubic splitting may be taken as ~ 10 ^ om-^, 
and tetragonal splitting as 10® cm“^. Hence the tratisitions between the levels 
so split will produce absorption spectra lying between ultraviolet and infra-red 
regions and as such will be capable of optical verification. Dreisch and Trommor 
(1937) working on the selective absorption for CMO 4 . 5 H 2 O and [Ca(NH 5 j) 4 ]Cla 
HgO in state of solution find that the absorption bands are roughly at 12,297 
cm“^ and 14,160 cm~^ respectively. 

In the state of solution of a given salt the lattice struciure breaks down 
completely while the anisotropic ionic clusters retain their identities (Krishnaii, 
1939 and Chakravarty, 1942). But since they are oriented at random the medium 
will show no anisotropy of susceptibility. But optical absorption should reveal 
the fine structure in the Stark pattern arising from the anisotropic field splittings. 

A systematic optical investigation of the consequonoes of the crystal field on 
the paramagnetic ions both in the crystalline state and in stale of solution is 
under progress in this laboratory. The present communication deals with the 
absorption of light by a number of cupric salts in state of solutitin (aqueous) 
and are discussed in the light of the findings from magnetic measurements and 
paramagnetic absorption experiments, 

2. EXTE BIMENTAL 

The selective absorption bands of paramagnetic salts of iron group of metals 
ill state of solution show very broad absorption bands when photographed by a 
spectrograph; as such it is not possible to determine with any degree of accuracy, 
the position of Hie absorption maximum from an examination of the absorption 

4 
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spectra of those salts with a spectrograph (Dreisch and Trommer, 1937). Conse- 
quently the measurements on light absorption were carried out by a Hilger’s 
“UVLSPEK” spectrophotometer. 

The descrij)tion of the instrument is available from the literature (^f700.307/ 
67887) suijpliod by the company. Interested readers may refer to it. 

The image of the lamp was accurately focussed on the entrance slit. The 
wavelength drum was caUbrated by a hydrogen discharge tube and a mercury 
discharge lamp. The absolution cells were cleansed thoroughly and their percen- 
tage of transmission checked. The wavelength drum was set to the desired 
wavelength and the absorption cell tray was set such that the reference medium 
was in the light beam. The test solutions were then brought one by one in the 
light beam and for each of them the percentage of transmission was directly 
noted from the scale for that wavelength. This was repeated for various wave- 
lengths. 

The absorption due to the solvent and the absorption cell was nulUfied by 
filling the absorption cell with the solvent and putting it in place of tho reference 
medium. Chemicals used wore of ‘Merck’s’ analytical reagent quality. 

Tho accuracy of the measurements in the region 10,000A to 6500A is approxi- 
mately 10 A±2A, from 6500 A to 6000A is approximately 5A±lA and from 
SOOOA to 3900A is approximately 2A±l-i- Measiirements are centred round 
about 27 °C but no observable change in tho position of the absorption bands 
was noticed for small room temperature variations. 

3. K E S U L T S 

Results of the measurements are collected in Table 1. The location of the 
absorption bands for various cupric salts in the state of solution are given both 
m wavelength and wavenumbers, In order to get prominent absorption peaks 
for the slats studied we had to use dilute solutions. Progressive dilution from 
that concentration at which prominent absorption peak is obtained does not change 
the position of the absorption peak. 

The variation of absorption in different salt solutions are shown graphically 
in figures 2 to 19. No fine structure of the lines correspondiag to tetragonal 
splitting could be observed. — 


4. DISCUSSION 
(a) Crystal field and energy levels 

According to the calculations of Polder (1942) the mean centres of the energy 

levels Fg and Fg ( figure 1) are at ^ D' and — ~~ where D' . D, D 

21 o 
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TABLE I 

Abaorption 

at 

S-No. Salta Concentration D' = 2.1^E Eearka 

Wave 
XA numbers 
oni'^ 


1 . CuSO* 

1.0 

8060 

12,405 

26,066 

Not sharp, lioa between 
X 8050 to X 8076 

2 . Cu(NH 4 .B 04)2 

1.0 

8060 

12,420 

20,086 

Not sharp, lies between 
\ 8050 to X 8063 

3. 0u(K.S04)a 

1 0 

8055 

12,416 

26,070 


4. C!u(Rb. 804 )a 

1.5 

8086 

12,370 

.25,977 


6 . Cu(Tl.S04)a 

l.O 

8075 

12,386 

26,010 


6 CuOla 

1.0 

8076 

12,386 

20,010 


7. 2NH4Cl.CuCla 

1.0 

8076 

12,386 

26,010 


8. 2KC1.0uOlis 

1.0 

8076 

12,386 

26,010 


9. CuBra 

l.l 

8110 

12,330 

26,893 


10 . 0u(N03)a 

0.6 

8060 

12,405 

26,055 


11 . OU;,Bl 2 {NOa)i 2 

1.16 

8076 

12,386 

26,010 


12. Ou(CHOO)2 

0.6 

7776 

12,860 

27,006 


13. Chi(CH 3 COO)a 

0.26 

7676 

13,030 

27,360 


14. Cu(CHaOH 2 COa)a 

0.4 

7710 

12,970 

27,237 


15. [Cu(NH3)4](S04) 


6360 

16,000 

33,600 

Band head changes with 
cone, of NH 4 OH 

16. [Ou(NH!,)4](OH)a 


6230 

16,060 

33,705 

-do- 

17. [Cu(NBa)4l(CH3CaO)2 

jNH40H 

6200 

16,130 

33,876 

-do- 

18. [Cu(NH,)4](C1)2 


6180 

16,180 

33,980 

-do- 
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Fig. 18. Absorption curve of 0.15% 
Cii(NHa) 4 (OHdCOO )2 solution. 
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Fig. 19. Absorption curve of 0.15% 
CuCNHa)i(Cl)a solution. 



boilig tho cubic field coefficient (Eqii. 1) and is the average value of the 
fourth powers of the radii of 3d electrons. Thus A/5, the cubic siilitting is given by 

AE = i? D' or D' = 2.1AA' 

21 


Hence it will be interesting to calculate D' from the observed A/? values which 
gives us an idea of the size of the octahedron of water molecules sun'ounding 
the Cu^■^■ ion. This is given in Table I. 

It will be seen from these values that tho octahedral clusters about Cu++ 
ioii are of nearly the same size in all the halides, Cu (T 1 .S 04 ) 2 , Cu(RbS 04)2 and 
CuaBiglNOslia- Single sulphate, single nitrate and other double sulphates have 
also practically the same size of octahedron This indicates further that in the 
solution state probably all the six members of the cluster are the same namely 
water molecules, though this was not the case in the solid state e.g. in tho single 
sulphate and the halides. In copper formate, copper acetate and copper pro- 
pionate solutions these octahedra are much smaller. Amino -salts have the 
smallest octahedra. Thus at least some of the coordination members in solution 
are very probably other than water molecules. 

(b) Calculation of the covalency factor 

Abragam and Pryoe (1951) have calculated the ' 'spectroscopic splitting 
factor in a tetragonal field for Cu++ ion in crystals. For directions parallel 
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and perpendicular to the tetragonal axis, neglecting square and product terms 


( 2 ) 


in which P is the covaloncy factor arising from the partial overlap of the 3d 
orbitals with tr and n orbitals of the suri’ounding atoms (Owen 1954) assumed 
isotropic for the present; and F^~-F^ = AE = ^E' .p, is valid since 

the tetragonal separation in state of solution will be even less than 10® c„,~^ 
owing to the absence of the effect of the long range field in solution state (Bose 
ik Mitra, 1952; Bose. Mitra and Datta, 1957). 

Using experimentally determined (/-values from paramagnetic resonance both 
for solids and liquids we have calculated 1/AiiJ', for the various salts using relation 
(3) taking A = -828 cm~^ (Shenstono and Wilets, 1951) ■ 


and 


= 2- ^■/* ~ 2- 

Fi-Fi ~ Ai!' 


o = 2- ~ 2 - -2“^ 

"" f,-F, ~ ^ Ml' 


These are given in Table III. It is observed that IJi^E' values of solutions differ 
considerably from those of the solid values, indicating the effect of long range 
field as mentioned above. 

Now following Polder (1942), Bleaney et al (1949) and Owen (1 964) the princi- 
pal moments along and normal to the tetragonal axis of the paramagnetic units 
calculated from the susceptibilities of the crystalline salts are 


Taking as before 


-^1 1 _ 4A./M* ^T,p 

I F,~fJ F,^F^ 

''3 “ \ F,~fJ ^ F,-F, 

Ft-F^ = J’e-i’s = A£7 = ^E\p 


... (4) 


we have 


= (?i,»+2^.»)/3 = 1 9 *+ ^ =3 [ 1 - ] 


( 6 ) 


6 
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TABLE n 


«.No. 

Malts 

[/.values 

(x — Values from 
flf- Values 

fi — Values from 
suoeptibility 

Crystal Solution 

Crystal Solution 

Crystal Solution 

1. 

UUMO 4 . 6 H 2 O 

2.2081 

2.1843 

1.062 

1 . 9266 

1.0238 1.970 

2. 

Uu(NH4.SO4)3.0ll2O 

2 180a 


1.922 

1 . 938" 

3. 

Cu(K.M04)2 OH 2 O 

2.1842 


1 926 


1 . 9200 

1. 

Cu(Bb.S04)2.6H20 

2 2042 


1.947 

1.93010 

6. 

0u(Tl.S04)a OHnO 

2.1772 


1 918 


1.97010 

(1. 

CUCI 2 . 2 II 2 C) 

2.1605 

2.1848 

1.902 

1 9265 

1.93211 1.9860 

7. 

Cu01i.2NH4Cl 

2.1603 


1.901 


1.88010 1.9670 

H. 

CUOI 2 . 2 KCI 

2 1673 


1 008 


I. 86 O 10 

9. 

CuBrj 


2 1758 


1 9176 

2.0000 

10, 

Cu(NO„)2.3HaO 


2 1848 


1.9266 

1.92212 1.9666 

11. 

Ou;,Hi2(NOa)ia.24H20 

2 1841 


1 . 962 



12. 

011(01100 )2.4H20 

2.1506 




1 740 

13. 

C!u(CHaC00)2.H20 

2.1646 


1.45 


1,41010 1.488 

U. 

Cii(UHaCH2COO)2.H20 

2.1846 




1.660 

15. 

[(■SilNH,,).] (SO.) 

2.0747 

2.1008 

1 811 

1 . 838 

1.84610 

JO 

iaJ(NHa),l (<JH)3 


2,1008 


1.838 


17. 

[Cu(NH,).] (CHjCOO). 


2.1008 


1.838 

- 

18. 

[Cu(NHj) 4] (Cl), 1 


2.1008 


1.838 



1-Bauggloy & Griffiths (1960), 2-Bleaney, Pemose and Plumpton (1949), 3-Abe, Ono, 
Hayaslu, Shimadu, and Iwauaga (1954), 4-Trenam R. S. (1963), 6-Abe, (1963), 6-Mathur, 
C. (Unpublished, 7-Okamura and Date (1954), 8-B.M. Kozyrev (1967), 9-Bose (1948), 
lO-Mookherji (1946), 11-Birch (1928), 12-Welo (1929), 13-Janes(1936). 
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TABLE III 


l/A-E 



3 

From g-values 

From M"Valuea 

From 9-valuoB 

i 

■ft 

‘ ^ 

5 

32 

cryelal solution 

crystal solution 

cryaliul solution crystal solution 


K 

CUSO4.6H2O 

62.6 

65.6 

54 7 

68 9 

.779 

.689 

.079 

.855 

2. 

Cu(NH*.S04)i..6H20 

64.4 


51.0 


676 


.633 


3. 

Cu<K.S04)a.6H20 

66.6 


53.5 


.690 


.664 


4 

Clu(Rb.« 04 )j.eH 20 

61.6 


66.7 


.762 


.702 


6. 

Cu{Tl.S04)2.fiH20 

63.5 


68 2 


.662 


.844 


6. 

CuC12.2HbO 

48.6 

66.6 

67 6 

72.9 

.600 

.688 

.713 

.003 

7. 

CUCI 2 . 2 NH 4 CI 

48.3 


42.0 

67.45 

.600 


.520 

.836 

8. 

OUCI 22 KOI 

60.4 


33.6 


624 


.416 


0. 

CuDra 


52.84 


04 H5 


.65 


990 

10. 

ai(N03)2 3H,.0 


55 6 

54 3 

64.2 


.089 

.674 

.795 

11. 

Chi,i)Bi2(N03)] 2‘24H20 

66.0 


54 3 


.817 


.672 


12. 

Cu(CHOO)2,4H20 

45.3 




.58 


.028 

.69 

13 

Cu(CH.jCOO)2.H20 

49.4 


48.8 

51.4 

.644 


.636 

.67 

14 

Ou(CHjCIl 2 COO)a.H 20 

66.6 




■ .72 



.68 

16. 

rOu(NH3)4] (SO 4 ) 

22.3 

30.19 

32.0 


.367 

.483 

.512 


16. 

[Ou(NH 3 ) 4 l (0H)2 


30.19 




.485 



17. 

[Cu{NB:a)4] (CB:aCOO )2 


30 19 




.489 



18. 

[Cu(NHa)4] (Cl )2 


30.19 




.487 
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Wo have calculated the values of /i from the resonance values of ‘gr’ using 
the above equation and have given them for comparison with experimental 
susceptibility values of /i for both solids and solutions in Table II. 

The experimentally determined values do not agree with the calculated values. 
So we have calculated IJ^E' from experimentally determined /a- values of solids 
and solutions. There also the two values are different. Hence we presume that 
we can not utilize our optically observed value of AE from solutions to calculate 
P for crystals. To get the values of for crystals wo need optical data in crystal 
state. However, taking the /i-values of solutions and using our optical data 
in state of solution, wo have calculated/* for various cupnc ions in state of solution 
which are given in Table III It is seen that the single sulphate, the chloride, 
bromide and the nitrate are iiredominantly ionic; /* values tend to bo ~ 0.9 in 
state of solution. 

In the case of copper acetate according to Bleaney and Bowers (1952) pairs 
of 0u'''+ ions in the crystal are coupled together by exchange forces. Thus they 
will foi*m a triplet state with parallel spin and a singlet state with anti -parallel 
spin. The triplet state will show a resonance spectrum similar to nickel salts 
with effective spin unity. Here again g is given by the expression (3). Usmg 
this expression and taking g for copper acetate from table II, we have calculated 
/* which is 0.644. 

Bleaney and Bowers (1952) have deduced expressions for the principal sus- 
ceptibilities for copper acetate from which is given by 



4A./M f ] 1 , i2kT.p 

AE / L 1+ I J ■ Ms 


( 6 ) 


Taking /a* value for the crystal (Table II) using J = —315 cm“^ (Bleaney and 
Bowers, 1952) and our observed ^E for solution we have calculated /*, which 
comes out as 0.636; now taking moan of these two values we have calculated J 

utilising fi and AiS? values for solution which is found to bo —270 cm“^. If 

one calculates/* with J — —316 cm”^ as in crystal and fji. and A£7 for the solution 
P comes out as 1.022 which is inadmissible. This anomaly may be attributed 
to the value of J which should be different in different states. 

An examination of/* values in different states suggests that the most probable 
value of P should be .67, which gives the parameter J = —276 cm“^. 

Anomalous resonance absorption spectra similar to copper acetate has been 
observed by Abe (1953) in case of copper propionate monohydrate. Our magnetic 
measurements on the moment of Cu++ ion in Cu(CH 3 CH 2 COO)a . HgO salt in 
state of solution shows that /i = 1.56. These findings point to the fact that the 
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behaviour of Cu++ ions in tho propionate will he similar to that of 0u++ ions in 
the acetate. Hence expression (6) is applicable in this case also. 

Supplying experimental gf-value and our observed for copper propionate 
in expression (3) we have calculated P which comes out to be 0.72 (table TI). 
Now substituting this values of and using // value for solution in the expression 
(()) we have calculated J the exchange integral which comes out to be —244 cm~^. 
Since P in solution is not the same as in solid state, hence this value of J will be 
slightly different in state of solution. Due to want of fi value for the crystal 
it is not possible to suggest a most probable value for p but a comparison of the 
solution /I values of acetate and propionate suggests that p should bo almost like 
the acetate; hence taking/^ as 0.68, J comes out s —230 cm~^. 

The behaviour of Cu^ + ion ju formate from our observed AE value seems 
to be ahke the acetate and propionate; but paramagnetic resonance spectrum 
as observed by Abe (1953) docs not support this The moment value as observed 
by us in state of solution goes to suggest that this is the limiting case between the 
Tutton salts with ft values more than the spin— only value on one side and the 
acetate and propionate on the other ivith jui> values less than the spin— only value. 

If Ou I ^ ions in formate behave like that in Tutton salts then/^ from expression 
(5) comes out to be .028 which is inadmissible This led us to presume that the 
behaviour of 0u++ ion in formate should be like those of the acetate and pro- 
pionate. 

On evaluating p from the observed <7- value in solid state and value from 
solution, it comes out as 58 ; but p in state of solution should be different. A 
study of the p values for propionate and acetate suggests that the probable 
value of .69. This when substituted in (6) gives J = — 130cm~^ with 
/t, — J .74 as given in Table II. It is observed that the exchange integral in these 
three salts are in the right direction. 

The acetate, propionate, formate and the amino-salts suggest that p is really 
made up of two factors arising from the u-orbital overlap and the other from 
TT-orbital overlap eg., in the amino-salts p may be, .62 and fp .S6 

making P .f„'^ = .53 as observed (very nearly so), while for the acetate, 
])ropk)nate and formate > .76 and fP .9 giving P = .68 which is very near 
the observed values. 
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A TEST FOR HULBURT-HIRSCHFELDER 
POTENTIAL FUNCTION 

N. K. TAWDE AND M. E. KATTI 
DifiPAHTMBNT OP Physios, Kabnatak University, Bhabwab 
{Receivedf D^oemher 22, 1968) 

ABSTRACT. Following up the modifioRtion looently reported of iHulburt'Hirsch- 
foldcr potential iunctioii for the prediction of tho molecular vibration-rotation constant ag, 
it JB shown that Himilar predictions of tho anharmonioity constant are possible by suit- 
able substitutions. Tho comparison of the calculated data with the experimental data on 
Up/Xe shows that in this case too, the H-JI function works out much better than Morse’s. 

hi a recent paper (Tawde and Katti, 1969), the efficacy of tho original 
UuJburt-Hirsclifeldor (H. H, 1941) function was demonstrated by introducing 
HI it suitable modifications. The test applied for the efficacy was the prediction 
of certain verifiable molecular constants. Although the original function contained 
all the five usual molecular constants, co^, <A^Xg, .Sg, Dg and ocg, they were, in the 
ultimate analysis, reduced to four, leaving tho vibration-rotation interaction 
constant to be predicted from the knowledge of the four. 8uch transformation 
was brought about by the incoi'poration of Morso-Pekens relation which made 
one of the constants of H-11 relation mdependeiit of ocg. Tho modified expression 
proved highly successful in reproducing data witliin il5.3%. 

Such expressions are also possible to be tested for their capacity to predict 
the anharnioiiic constant Although earlier we tried to explore this 

[losKibility in the case of H-H function m tho above manner, we did not succeed. 
While pursuing this issue further, we could now succeed in suitably modifying 
file function to predict in the same way as the constant a^. This paper 
presents this study, as the results seemed very promising. 

Tho development of modified H-H equation has been shown in full steps 
by (Tawde and Katti, 1959) for evaluation of a^. Now for the purposes of fleriving 
oigXg, we have their equations (3.2) and (3.3) as follows : 

X = 3a(c-l) 

Y = a*[7+12c(6-l)] 

where the Morse constant a = 1.2177x10’ and H-H constants 

c = l-fai(B/ao)i, 6 = 2-[7/12-Ba2/®o]/c with %^uig^l4Bg, —]-cCgbig 

/0-B/^ — $l<iay^—2(jigXglWg. Here X and Y need to be made independent 

of (^gXg so that by assuming the other constants w,, 2)*, Bg and a^, one could get 

89 
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at the value of The only empirical relation that we could think of was 

Df — This is a quantity derived from Morse relation and since it 

is the basic part ot H-H function, one could justify the use of this expression 

to ^ 

in the present set-up. Thus substituting to^Xg == in the expression for 
above, w^e get 

a,, = 

This makes Y independent of cOgJCg and X does not involve tOgaig at all. 

This modified expression a.^ allows predictions to be made for cog^t,. Wo 
have therefore calculated their values ni the same set of 23 diatomic molecules, 

TABLK I 


111 atom 

Morse 
% error 
(Varshiii, 
U)57) 

H-H % error 
()ireseiil 
pspei) 

H, 

± 7.0 

±24.5 

ZnH 

H-52,9 

-14 6 

CdH 

±78.8 

±06 

HgH 

±55.6 

— 15 2 

CH 

± 8.2 

±12.3 

OH 

±13.9 

±13 9 

HF 

-11.3 

H- 6 H 

HCJ 

fl5.3 

±13.0 

HBr 

±22.8 

±11 1 

HI 

1-30.0 

±19 0 

Lio 

1 37.3 

± 3 3 

Nfla 

j 44 3 

-13.2 

K. 

±44.6 

-23.5 

N,t 

(±58.0) 

(±19.9) 

N.a 

±20.6 

±13.4 

P2 

±32.6 

H- 6 0 

0.. 

±23.0 

±11 4 

so 

±67.2 

±18.4 

Cl 2 

- 1.7 

-13 2 

Bra 

±41.8 

-18.5 

la 

±49.8 

- 3.9 

lol 

±43.4 

±10 9 


(±17 1) 

(± 7 6) 

C0(2) 

(±11.3) 

(± 6 6) 

CO(3) 

- 3 6 

- 3,6 

NO(l) 

(±48.5) 

(±14 2) 

NO(2) 

±21.9 

± 9.7 


Average 


±31 2 


± 12.1 
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which we have earlier used to prove the ef&cacy of the H-H function in terms 
of oLg. The calculated results when compared with observed data give errors 
winch are recorded as percentage errors in Table I. As Morse function is the 
most universally used function we are giving the percentage errors (of. Varshni, 
11157) produced by Morse function too, for comparison, in order to bring out the 
relative merits of the presejit results. 

Tt may be noted from Table I that the average percentage error il2.1 ob- 
tained with H-H function is significantly lower than that duo to Morse, viz. 
^31.2. The performance of H-H function in relation to the other functions on 
ihe basis of percentage errors is shown in Table 11. The figures for other functions 
are taken from Varshni. It may be noted that the only function which stands 
superior to H-H function is the empirical one. This latter has also been found 
to be the best among the functions examined by Varshni 

TABLE II 


Function. 

% Error 

Morae 

rh31.2 (a) 

Rydberg 

:i:23 1 (a) 

First 

±18.2 (a) 

Seventh 

±13.6 (a) 

Jjippincott 

±12.7 (a) 

llulburt & Hirschfeldor 

±12.1 (b) 

Empirical 

±11.1 (a) 


(a) Varshni, (b) the present paper. 


Further the H-H limction which was shown to be superior in making the 
I'stimates of with ±1^.3% by (Tawde and Katti, 1959) has given a better 
iiccuracy for viz. ±12.1 on the lines of the development of H-H expression 
mdicatod above. This observation fits in the general conclusion arrived at by 
V^arshni that for any function, x can be estimated to a greater degree of 

accuracy than a^. 
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RAMAN SPECTRA OF SOLUTIONS OF ETHYLENE 
DICHLORIDE, ETHYLENE DIBROMIDE AND 
ETHYLENE CHLORHYDRIN AT LOW 
TEMPERATURES* 

MONOMOHAN MAZUMDEE 

OpTIOB DJDrAIiTMENT, llTDIAU ASSOCIATION TOU THE CULTIVATION 
OIT SCIEHOB, CAIiOUTTA- 32 . 

January 5 , J 969 ) 

ABSTRACT. Tho Rnmun spectra ol 26% solutions in otliyl alcohol of othyleno 
dichloride at 30°C, - 00'’C and -180°C, ol ethylene dibromido at SO^C and - 6“C and of othylone 
clilorhydnn at 30°0 - SO^C, and -180°C have boon studied and tho ratio ol intensitios of tho 
lines 664 cin~i and 765 cin“> in the first oa.se, 651 oni-i and 060 ciii-i in tho second caso 
and 662 cin-i and 760 cm-i in tho third case has boon detorinined quantitatively. It 
has been obaorvod that in the caso of solutions ol othyleno dieldoride and othyleno dibromido 
tlio iiuinbor ol‘ gaucho type of inoleculos tends to diminish at lower tomporaturos while in tlic 
case of tho pure liquids the nuiubor diimnishes with tho rise of toinperatiiro. In the case of 
solution of othylone chlorhydrin tho change in tho ratio of intensity of the linos montioneci 
above IS smaller and the ratio incroases at lower tomporaturos. Tt is pointed out that tlioao 
results cannot bo explained on Wada’s (1954) theory and that tho hypothesis of virtual 
linkages betwQoii the hydrogen atoms of the Oil groujis of noighbouririg solvent molooulos 
and tho ohlonne and bromine atoms of the moleoulos of tho licjuids can explain tho results 
satisfactorily 


1 N T R 0 D U C I O N 

The abrupt change in the ratio of intensity of the two Raman lines 054 enr"^ 
and 755 cm~^ of ethylene dichloride which takes place when the liquid at 25’^(^ 
is transformed into vapour at ]70°C was first demonstrated by Morino ei aJ 
(1941). Watanabe et al (1942) explained the results by assuming that the 
energy-difference of tho two rotational isomers, namely trans and gauche, of 
ethylene dichloride inoreases with the change from the liquid to the vapour state. 
Tho present author (1953), however, studied the Raman spectrum of gaseous 
ethylene dichloride at 135°C and measured the ratio of intoflsity of the lines 
654 cm"^ and 755 cm“^ which was found to be 1 ; 4.5, while tho value obtained 
by Watanabe et at (1942) at 170°C is 1 ; 5. This shows that the ratio does not 
change very much with the change of temperature of the vapour from 135°0 
to 170“C. Watanabe et al (1943) tried to explain the change in the energy-difference 
duo to the change of state mentioned above by assuming that in the liquid state 
the gauche molecule acquires an excess of electrostatic energy which is equal 
* Commiiiiicatcd by Professor S. C. Sirkar. 

92 



Raman Spectra of Solutions of Ethylene Bichloride^ etc, 93 

to l)/(2eH-l)a®, where r is the dielectric constant, the permanent 

oloctric moment of the gauche molecule and a is the radius of the cavity of the 
solute molecule. They showed that the influence of this electrostatic energy 
would diminish the energy- difference of the two types of molecules to a very 
small value in the liquid state. 

If the liquid were dissolved in a solvent having non-polar molecules, the 
ilieleotric constant of the medium would be expected to be much lower than that 
of the pure liquid and the energy-difference of the trans and gauche molecules 
would be larger than that in the pure liquid. When, however, the solution is 
further diluted the dielectric constant of the medium is not likely to change 
appreciably and hence there should not be any appreciable change in the energy- 
difference of the two types of molecules. Banerjee (1954), however, observed 
that the ratio of intensity of the linos 654 cm"^ and 755 cm~^ of ethylene 
fli(;hloride diminishes when the liquid is dissolved in heptane and cyclohexane 
to make a 65% solution and that the ratio diminishes further when the concontra- 
Uon IS fbminished to 35% in each case. Very recently, the present author (1968) 
.studied the infra-red absorption spectra of solutions of ethylene dichloride in 
carbon tetrachloride, heptane and methyl cyclohexane of different concentrations 
ami observed that the ratio of the integrated intensities of the absorption peaks 
1207 cm~^ and 1236 cm“^ in the case of 20% solutions in heptane and methyl 
cyclohexane is less than that for the pure liquid and that the ratio diminishes 
iurther when the strength of the solution is diminished to 3%. In the case of 
solution in carbon tetrachloride the (ihaiigos in the ratio mentioned above are 
mu(5h smaller. This indicates that probably the changes in the energy-difference 
brought about by the electrostatic field in the solution arc not responsible for the 
observed change in the intensities of the two lines. 

The hypothesis put forward by Watanabe et al (1943) mentioned above 
would, however, bo tested more conclusively by changing the temperature of 
the .solution and finding out whether the relative intensities of the two lines change 
m accordance with the energy-differences derived from their hypothesis. With 
this object in view the Baman spectra of solutions of ethylene dichloride, ethylene 
chlorhydrin and ethylene dibromide in ethyl alcohol at different temperatures 
l)elow 30“C and also of the first two solutions at -180°C have been investigated 
and the relative intensities of the linos 654 cm~^ and 755 cm“^ in the case of 
othylone dichloride, 662 cm“^ and 750 cm-^ in the case of ethylene chlorhydrin 
and 551 om"^ and 660 cm~i in the case of ethylene dibromide have been measured. 
Those results have been discussed in the present paper in the light of the hypo- 
tliesiB jmt forward by Watanabe et al (1943). 

EXPERIMENTAL 

Dehydrated ethyl alcohol was chosen as the solvent and was distilled several 
times under reduced pressure before being used in the solutions. The experimental 
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arrangement ufled to record the Raman spectra of the solutions at low tempera- 
tures is shown in figure 1 . The scattered light was reflected by the right angled 
prism, P, attached at the bottom of the Dewar vessel and was focussed on the 
slit of the spectrograph. The container of the liquid, C, was placed inside the 
Dewar vessel dipped in ethyl alcohol which was then gradually cooled by adding 
small quantities of liquid oxygon to it until the required temperature was 
attained. Liquid oxygen had to be added frequently to keep the temperature 
fairly constant. The temperature was read with the pentane thermometer, T. 



Pig. ]. 

The Raman spectra of 25% solution of ethylene dichloride, ethylene dibromide 
and ethylene chlorhydrin at - 60°C, - 5‘’C and -■ 80°0 respectively were photo- 
graphed using this arrangement. The Raman spectra of the last two solutions 
in the frozen state at - 180°C were also photographed by keeping the sample 
tube immersed in liquid oxygon. 

A Fuess glass spectrograph having a dispersion of about 11 A.U, per mm 
in the 4046 A.U. region was used to record the spectra. Microphotometric 
records of the lines were taken with a Kipp and Zonen type self-recording micro- 
photometer. Using blackening log-intensity curves drawn with the help of 
intensity marks taken with known sht-widths and continuous radiation the 
intensities of the lines mentioned above of ethylene dichlorido, ethylene dibro- 
mide and ethylene chlorhydrin in the pure state and in solutions at different 
temperatures, were measured quantitatively. 

RESULTS AND DISCUSSION 

Mjcrophotometric records of the lines 654 cm~^ and 765 cm“^ due to pure 
ethylene dichloride at 30®C and its solution in ethyl alcohol at 30°C and - 60°C, 
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661 cm"^ and 660 cm~^ due to pure ethylene dihromido at SO^O and its solution 
at 30“0 and - 6'^’C, 662 and 750 oni“^ duo to pure ethylene chlorhydrin 
at 30°C and its solution at 30°C and - SO^O aro roiDioduoed in figures 2, 3 and 
4 respectively. The values of the ratio of intensities of the two linos observed 
in each case mentioned above are given in Tables I, 11 and III. 

TABLE I 


Raman spectra of ethylene dichloride 
Value of lfl 64/]766 


Pure liquid 

Solution in EtOH 

at 30°C at -26'’a 

(Watanabc et al 1042) 

at aO^C at - eO‘’C at -1 80“C 


1:1.8 1 : J .6 1 ; 1.3 1:1.6 0:3 


TABLE II 

Raman spectra of ethylene dibromide 
Value of lR 5 i/Ioe„ 

Solution in EtOH 

Ptiri) liquid 

iit 30°C at 30°C ftt - C'C 

1:7 1 : « 1:6.2 


TABLE III 

Raman si^ocira of ethylene chlorhydrin 
Value of loez/lvBo 

Solution in EtOH 

Pure liquid 

at SO^C at 30“C at - 80'*C at -ISO^C 


2 ■ 1 


2.2 : 1 


2 . 6 ; 1 


4 : 1 
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(i) Ethylene, dichloride 

It can be seen from Table I and figure 2 that the ratio of the intensity of 
the lines 654 cnr^ and 765 cm“^ of ethylene dichloride changes from 1 : 1.8 to 
1 : 1.3 when the liquid is dissolved in ethyl alcohol to make a 25% solution 
and that the ratio becomes 1 : 1.5 when the solutionis cooled down to - 60°C. 
Moreover, when the solution is solidified and cooled to -180°C the lino 054 cm^^ 
disappears and the line 755 cm~^ appears with its intensity relative to that of 
the line 300 cm' ^ increased to about double the value for the liquid state. These 
results, therefore, clearly show that if the line 664 cin-^ be assigned to the gauche 
configuration, the number of such molecules increases when the liquid is dissolved 



f'' 


{a) (b) (c) 

Fjg. 2 Minrophotoruotric records of the Ramoii apoctni of ethylcno diclilondo. 

(«) Solution at — eO^C. 

(6) Solution at SO^C. 

(c) Pure liquid at 30°C. 

in alcohol and that the number then diminishes when the temperature of the 
solution is lowered to - 60“C. On the other hand Watanabe et al (1942) have 
shown that in the case of pure ethylene dichloride the ratio IqqJIus increases 
from 1 : 2 to 1 : 1.5 when the temperature of the liquid is lowered from 150*^0 
to -26®C. Wada (1954) suggested that the energy of the gauche molecule is 
lowered in the state of aggregation owing to the influence of the field due 
to the surrounding permanent dipoles on the permanent moment of the molecules. 
According to his calculations in the pure hquid both the gauche and the trans 
molecules are of the same energy, while in solution in methyl alcohol the energy 
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of the gauche molecule is lower than that of the trans molecule by 260 cal/molo. 
Hence the number of gauche molecules would increase at lower temperatures 
in solution in methyl alcohol and similar results would bo expected in the case 
of solution in ethyl alcohol also. Actually, however, it is observed that in the 
case of solution in ethyl alcohol the number of gauche moleciilos increases with 
rise of temperature, while in the case of pure liquid the number diminishes with 
the rise of temperature. Thus the results for the solution and the liquid at low 
temperatures are not in agreement with the predictions of Wada’s theory. 

From the argument stated above, it is clear that the ratio of population of 
the two types of molecules is not determined by the energy-dilFerence of the 
trails and gaiKiho molecules in the liquid, as postulated by Watanabe et al (194^2). 
On the other hand, it can be explained by arguing that the OH groups of the 
alcohol molecules are linked to one of the chlorine atoms of ethylene dichloride 
aiifl the raiiflom distribution of the alcohol molecules and their restricted freedom 
of motion about the C-C bond produce the change from the trans to the gauche 
configuration When, however, the solution is cooled to a very low temperature 
the freedom of movement of the solvent molecules decreases and both the chlorine 
atoms of the ethylene dichloride molecules form virtual linkage with hydrogen 
atoms of the neighbouring molecules and ultimately the two virtual linkages 
come 111 the same piano to produce the trans configuration in the solid state. 

(li) Ethylene dihromkU 

The results given in Table [1 and the microphotometric records reproduced 
m figure 2 show that the ratio of the intensity Ii, 5 i/Iooo slightly increases when 
ethylene dibromide is dissolved in ctliyl alcohol and the ratio tends to diminish 
slowly when the solution is cooled down to - 5°C. So, the changes with lowering 
ef temperature of the solution are similar to those observed in the case of ethylene 
dichloride. 

According to the calculations made by Wada (19.'i4) the decrease of onorgy- 
(lilfereiice between gauche and trans configuration with liquefaction of tho vapour 
and dissolution in methyl alcohol would bo respectively 1270 and 1530 cal /mole 
m the ease of ethylene dichloride hut the values are 900 and 1170 cal/raole in 
the case of ethylene dibromide. So, the gauche molecules of ethylene dibromide 
sliould have energy higher than that of the trans molecules in the solution, but 
m the case of ethylene dichloride tho reverse is true. Tho changes in the ratio 
ol tho numbprs of the two types of molecules with change of temperature are, 
however, similar in both the cases. Hence tho cause of this change is different 
from the enorgy-differonoe of the two types of molecules in solution and evidently 
tho formation of virtual linkage mentioned above takes place in both the cases. The 
results of investigation on tho infra-red absorption spectra of ethylene dichloride 
in different solvents reported earlier (Mazuinder, 1958) support such a conclusion. 



Fig. 3. Microphoioniotric i-ecords of the Rainau spectra of ethyJeno dibromide. 

(o) Solution at — 5“C. 

(b) Solution at 30 ”C. 

(c) Pur© liquid at 30°(J. 

(iii) Ethylene chlorhydrin 

It can bo seen from Table III and figure 4 that the ratio of the lines 622 cm“^ 
and 750 cin”^ booomos 2.2 ; 1 when ethylene chlorhydrin is dissolved in ethyl 
alcohol and the ratio increases slightly to 2,5 : 1 when the solution is cooled 
down to - 80°C. In the case of pure liquid the ratio is 2 : 1 . So the ratio increases 
very slightly when the liquid is dissolved in alcohol. Mizushima et al (1940), 
however, observed a larger change in the ratio of intensity of the two linos when 
they dissolved the liquid in water. Evidently, the greater number of OH groups 
around each molecule in the solution is responsible for the difference. Mizushima 
6^ al (1939) had earlier studied the infra-red absorption due to second hajmonio 
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of the OH vibration and ooncluded that in the vapour there are two ooniigiiratious 
of the moloouleSj one formed by weak attraction between the chlorine atoma and 
the hydrogen atoms of the OH group in the same molecule and the other the 
trans configuration. Tn the liquid they observed only the presence of the former 
configuration. In the Raman spectrum of the liquid also there is no line . in the 
vicinity of 3350 om-^ due to the OH valence oscillation. Hence it is evident 
that most of the molecules in the liquid are associated with each other through 



(rt) (6) (c) 

Fig. 4.. Mioi’opliotomotric records of tho spectra of ethylene chlorhydrjn, 

(а) Solution at — 80“0. 

(б) Solution at 30“C. 

(c) Pure hquid at 30°C 

hydrof^^n- chlorine virtual linkages and this is responsible for the larger intensity 
ol tho i fine 662 cm“^ in this case than in tho case of ethylene dichloride and ethylene 
dibromide. In the vapour this lino is very weak (Mazumder, 1956) and therefore 
most of tho molecules are single. Calculation of frequencies of the modes of 
vibration of the molecules carried out by Mizushima et al (1951) shows that the 
line 750 cm"^ is due to the trans configuration. Hence the other configuration 
is formed by association of single molecules and has energy lower than that of 
the trans configuration as assumed by Mizushima et al. This explains the 
wide discrepancies between the values of energy- difference calculated by 
them and those reported by Zuniwalt and Badger (1940). As the association 
is rather strong and most of the molecules are associated in the liquid , in the 
solution in alcohol not much change in the number of associated molecules occurs. 
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When, however, the solution is cooled to - 80“C the number of such molecules 
increases and when the solution is frozen all the molecules become associated 
and the lino 750 om-^ disappears. When the pure liquid is frozen the line 
750 c!Tn“^ appears with a very feeble intensity (Bishui, 1948) which shows that 
only a few percentage of the molecules are of the trans configuration in the solid 
state. 
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Tha Bonrd of Editor t. mil vot hold itself respontuble Jor opinions soc pressed in the letters 
published m this section The notes containing reports of new work communicated for this 
section should not contain many figures and should not exceed 500 words in length . The contri- 
Imtions must reach the Assistant Editor not later than the 15th of the second month preceding that 
nf the issue in which the letter to appear. No proof vnll be sent to the authors. 
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STUDIES ON PHASE TRANSITION OF SYNTHETIC 

r-Fe,0,HjO 


S. RAY AND A. ROY 

DliPAHTMICNT OF MacJNETTKM, InpIAN AsiSOOIATION FOH THE CULTIVATION OF SCIENCJK, 

Cal(^utta-32 

(Jieceived, January 10, 1950) 

The X-ray powder diffraction study of the structural changes of synthotic 
y-FeaOjj . HgO (lepidocrooite, orthorhombic) duo to heat treatment by Williams 
aiid Tliewlis (1931) appears to show that the substance starts being dehydrated 
to the ferromagnetic y-FOjjOa (maghaemito, cubic) at about 250‘’C. The forma- 
tion of y-FcgO, appears to be complete at 300“C. No furtlier change in crystal 
structure is observed up to 450°C, but at 500°C lines of a-Fe 203 (haematite, anti- 
feiTomagnetic, hexagonal) appear in the X-ray powder diagram. Presence of 
y-FcgOg is observable at 550°C, but X-ray photographs of the sample heated to 
lijgher temperatures show only lines of a-FegOs- Later works of Bernal, Dasgupta 
and Mackay (1957) show that precipitated lepidocrooite begins to lose water 
at LSO^C, and is completely converted into maghaemite and some haematite 
at 200T), all maghaemite being converted to haematite below 250‘’C. A natural 
crystal of lepidocrooite, according to them, seems to be more stable, and can 
he heated in air to 236°C without any change. Only at 250'’C it is transformed 
to an oriented texture of a spinel phase and haematite. One half molecule of water 
begins to come off at about 240°C, and the entire water is lost at about 300°C. 
The presence of a magnetic phase was observed above 240'’C. 

Such controversial findings by earlier workers led the authors to undertake a 
thorough investigation on the subject, y— FegOg.HaO was prepared by precipita- 
tion from dilute solution of ferrous chloride with barium hydroxide in the form of 
suspension in water, and subsequent slow oxidation at room temperature. The 
carefully washed final precipitate, dried at room temperature, showed tho lines 
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of lepidocrocifce in the X-ray powder diagram. The dehydration curve of this 
Bpocimen shows that at about 130“C, the sample starts losing water at a rapid 
rate which continues upto about 10O°O, total loss corresponding to about half 
a molecule of water. Then the rate of loss decreases, so that there is a kink in 
the ciiiwo at about 160“C, which is also corroboraterl from the X-ray powder 
photographs showing lines of maghaemite in this region. Magnetic test indicates 
that the product obtained above IbO^C is feiTomagiietic. Loss of water is com- 
plete above about 260°C. It is very possible that near about 160°0 a distinct 
phase of the oxide, namely, Fe^Og.J HgO (turgite) (Mellor, 1934) exists, as 
indicated by the kink in the dehydration curve, the magnetic behaviour, and 
certain weak new lines in the diffraction pattern, though the existence of such 
a hydrate has been denied by some authors. The formation of maghaemite is 
complete above about 260'’C. 

The differential thermal curve also gives similar results. There is an endo- 
thermal peak extending from about 65° C to 145° C, indicating the removal of 
adsorbed water. Then there is a flat exothermal peak, extending from about 
145°C to about 265°C, which shows the formation of maghaemite througli the 
intermediate phase of turgite A large endothornial peak follows, extending from 
about 265°C to 37()°(3, which is however not associated with any structural change 
as shown by diffraction patterns. This peak may bo then duo to an order-to- 
disorder transition of maghaemite associated with the forromagnotic Curie tem- 
perature. Some ferromagnetism, how^ever, still persists upto the middle of the 
next endothermal peak, extending from 37()°C to 475°C, where the transition 
from maghaemite to haematite seems to be complete as seen from the dilir action 
pattern. The reason for this is not yet clear. 

Detailed investigations comprising of magnetic and X-ray studies are being 
pursued, and the final results will be published in duo course. 

Authors express their sincerest gratitude to Prof. A. Bose, D.Sc., P.N.I., for 
his kind guidance and keen interest in the work, and are also thankful to Mr. 
A. K. Dutta and Dr. D. R. Dasgupta for helpful discussions. 
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CALCULATIONS OF THE NUCLEAR QUADRUPOLE 
COUPLING CONSTANT FOR !« 

D. V. G. L. NAHASIMHA KAO 

PiisrsiCB DEPATITMJ5KT, AKMnA Univebsity, Waltaib 
{Beceiverh February 10, 1,950) 

ABSTRACT. Certain theoretical etadios on the qimdnipole coupling constant of 
ji-!” Jn la molecule are made following the general princijiles of Townes und Dailey (1 949). 
The I— I build is assumed to bo one of a covalent type. Elfects ol #p-hybridrJsation are oonsi- 
ilered and the results indicate the possibility of considerable amount of hybridization of 
the bonding orbitals, 


f N T R O j:) IT C T 1 O N 

Though a number of values of the quadrupole eoupling constant eqQ were 
accumulat-ed for several nuclei in various molecules both from, pure quailrupole 
spectra and also from a study of the hyperfino structure of rotational spectra in 
the microwave region, theoretical calculations were made only for a few molecules. 
The fundamental principles underlying the interpretation of tlio observed data 
and also some approximate methods for their theoretical evaluation were outlined 
by Townes and Dailey (1949). It is known that a knowledge of eqQ gives useful 
information about the pattern of chemical bonding in the molecules. In the 

description of Townes and Dailey, the charges which influence g ^ ^ ^ , the 

field gradient) at a particular nucleus in the molecule are divided as due to (i) the 
inner core electrons, (ii) valence electrons and (iii) the electrons and nuclei exter- 
nal to the atom under consideration. The contribution to q of the valence elec- 
trons which have a high probability of being found near the nucleus is shoT\ii to 
be larger by an order of magnitude than the contribution due to other charges, 

A theoretical study of the ionic character and hybridization in HCl was 
made by Schatz (1954) in terms of an spdAiyhrid valence bond function including 
an ionic term. The quodrupole coupling conatant was found to depend principally 
on the ionic character and could not distinguish among the various possible sets 
of hybridization. Similar conclusions were drawn for Clg (Schatz- 1954a) and also 
for OH 3 CI by the same author (1954b). 

Calculations of the quadrupole coupling constant of P®’ in molecule are 
made by the present author using a simple model and the results of the investi- 
gation are given below. ^ 
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CALCULATIONS AND RESULTS 

Since the two atoms forming the bond are the same, the bond may be 
assumed to be one of a covalent type. The bonding wave functitm of may 
hence be written on the atomic orbital approximation as 

Xb = 4- 

where i/ri,, are the bonding wave functions of /j, atoms respectively and 
.4 is a Jiorinalisation factor given as .4 = l/(2-j-2<S*)i with S as the overlap integral 
of and Assuming only sp-hybridization, the j/rj's are 

{5s) + b fl{52)z) 
xjfl. = aijfi{5s) + hfl{5p^) 

the 2 -axiB being taken to represent the internuclear axis. The normalization 
condition gives a^-^ b^— 1. The wave function of the non-bonding ^-electrons 
(the lone-i)air) consequently becomes 

Xhib ^ (J -a^Y^\lfi{58)-^a ^l{5pY\‘ 

The iodine quadrupole coupling constant in /g may be regarded as due to 
(i) the electron pair forming the bond, (n) the pairs of electrons 5px and 5pg assumed 
to remain in non-bonding orbitals and (in) the lone-pair electrons which make 
a non-zero contribution to e.qQ since ijfi is a «p-hybrid function. 

The contribution of the first factor is given as 

„ f .. (3 cos*0 — 1) - 
Xb^ dr 

where Q is the nuclear quadrupole moment of 7^^’. square of the bonding 

wave function integrated over electron (2) and (j), r are the polar co-ordinates 
of electron (1). Similarly for the contribution of the lonepajr we may write 

To evaluate the second factor we make use of the result that 

2?/ya; “1“ 4“ ^ 

(i.e., when the 2 ^ shell is completely filled, its contibutioii to q is zei’o) and hence 
its contribution is —2eQqpg. Making use of the symmetry andr orthogonal 
properties of the wave functions it can easily be seen that the quadrupole coupling 
constant of 7^'^’ in the molecule is given as 

eQq= [ ¥l(l+S^)-2b^ ] eQ | fV 


= (eCsWicLft'Ai + «“) - m. 
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The results of the oaleiilations are shown in the table bolo\\\ Slater type M'ave 
functions ai’e used and the required overlap integrals are read from Mulliken’s 
(1949) Master tables. The value of the quadrupole coupling constant of a free 
atom {e,Qq<p 2 ) is assumed as 2500 Mc/s. as given by Townes and Dailey {i.e. 

<‘Q \ 5’-=- 2500Mc/s ) 


TABLE ] 


PercBTitugc 

.9-charactor Mc/s. 


0 

2725 

5 

2680 

10 

2578 

1 o 

20 

2332 

25 

2187 

26 

2161 

27 

2130 

30 

2046 


The obsoT’vcd value of the (piadrupole coupling constant of in is reported 
1() l)c 2153 Mc/s. (Dehrnelt, 1950) from a study of the pure quadrupole spectrum. 
It juay be seen from the table that about 26 percent .«j-hybridization of the bonding 
orbital IS necessary to account for this value. No investigation could be made 
on the microwave spectrum of T.^ molecido suice it is homonuclear and hence the 
gas value of eQq is not available. The low value of eQq in the solid state as com- 
paied to the value assumed for the free atom has been attributed by Townes 
and T)ailey (1952) to the formation of weak intermolecular bonds. The actual 
f-hybridization may be much less than the 26 percent assigned from data on the 
solid state. But it may be mentioned that even though it is assumed that the 
molecular eQq is near about the free atomic value of 2500Mc/s.j the bonding 
orbitals must involve about 10 per cent 5-character. This happens because of 
the overlap S between the two bond wave fumstions. Similar conclusions were 
reached by Schatz (1964a) for Gig. 

The conclusions remain essentially the same also when the calculations are 
carried out based on the picture of Gordy (1951) with the value of 2153 Mc/s for 
the atomic eQq of as assumed by him. 
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CRYSTAL STRUCTURE OF 1,2-CYCLO- 
PENTENOPHENANTHRENE 

B, S. BASAK 

rHKBIDJSNCY COUjEGE, CaTCUTTA 
AND 

M. G. BASAK 

JjiMiGiiMtr Raj College, Jhaugram, West Hekual 
{Received, Fehruary 12, 1959) 


AB5TRABT. TJie crysial strucLuro of 1, 2-cyclo-jjGntenoplienantln‘enn )ui« been 
flotoi’iuinGd, by the Foaiior-Rynthesia method. A qualitative suggestion about tho structure 
was made by Ibiill {1936) Following are the ciystal data: Molecular formula Ci? Hx 4 ; 
Moiioclinio Mystom : a — 18,38 A; h -r- 5.83 A, c 23 61 A; /9 --- 114“-18'; space-group 
B2x/c (Real space-group F2i/c-C52/, )• deasity =- 1.23 gm/c.c. at 20°C; No. of molecules 
per unit coll (^'b’ face-centred cell) - 8.0. 

Zei’o-layer and equi-inolinatiou Wejssenborg photograplm wore taken 
111 a Tlnicaiii WeiBsenborg goniometei* with copper radiation and the intensities 
estiinated miorophoiomotneally for stronger spots and visually for the weaker 
ones. Tho substance was kindly supplied by Dr, Devdas Mukherjee of Scottish 
Gas Board from Dr. Loudon of the Biochemistry Laboratory, Glasgow LTniversity. 

Tn finding out the structure by ti*jal, help was tal^en of the suggestion made 
by Iball (loc. fit). After a fairly satisfactory trial structure was arrived at, two 
projections wore made about the a and h axes respectively. Because of the 
largo values of a and c axial lengtlis, electron densities were calculated at intervals 
of T along them, using 3” strips of Lipson and Boevers. Values were calculated 
at 0° interval along h axis. Of the 17 carbon atoms, 13 were fairly well resolved 
in the b axis projection (figui-e 1). Only a very small number of atoms were 
resolved in the a axis projection, although the ‘y’ co-ordmates could be fixed to 
a fair degree of accuracy from the same. The considerations of the hydrogen 
atoms have been omitted for the present. Taking the now co-ordinates obtained 
from these projections, the values of structure factors were calculated when the 
reliability index R had the values 0.28 for both the (o k 1) and [hoi) zones, where 

j> ^c alc I 


107 



108 


B. 8. Basak and M. Q. Basak 



— 0/4 

Fip. 1. 


This high value of R is tlue most probably to the presejuo of a coiniiarativoly 
large uurnber of very weak and absent reflections in these two zones. The co- 
ordinates of the carbon atoms of one asymmetric unit (one molecjule) arc given 
in Table I. The bond lengths and bond angles are all shown in figure 2. If 
A!i> angles made by the long axis of the molecule formed by joining 

atoms 6*8 and with the a, b and c axes respectively and X'i> ’Aa ^^^<1 
corresponding angles made by the short axis reiireseuted by the straight line 
joining 6*^^^ and 6\.,, then 



c. 


Fig. 2. 
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;Vi - 109^ 

90" 

o)i-= 5°-*18' 


X^^l2r-}2' 
32"- 22' 
co2= 9S"-23' 


The jiiijumnm distance of approach between two molecules comes out to 
bo 3.98 A. 


TABJ.E 1 

Coordinates of the atoms of one molecule 


Atom 

X 

a 

y 

h 

z 

c 

Cl 

.1204 

.0616 

.0656 

Ci 

1629 

-.1173 

.1060 

C;, 

.1948 

- 2910 

.0804 

Cl 

.1827 

-.2868 

0174 

C, 

. 1666 

-.2730 

-.106.3 

Cfl 

.1565 

-.2701 

-.1675 

C, 

1130 

-.0900 

-.2060 

Cfi 

.0797 

0861 

-.1824 

Cl) 

.0539 

.2610 

-.0991 

Ci„ 

.0638 

.2410 

-.0375 

C.J 

.1077 

.0668 

.003.5 

Cl, 

1403 

-.1068 

-.0212 

Cl a 

.1303 

-.1016 

-.08.32 

Cl4 

.0895 

.0773 

-.1216 

ClG 

.0884 

.2177 

.0993 

C(G 

.1150 

.1320 

.1657 

Cl7 

. 1596 

-.0896 

.1664 


That the structui’e is substantially correct is confirmed from the following 
considerations; (i) The value of — 5°— 18' agrees very well with that of = 
about 6" as predicted by Bernal (1936) from optical measurements, (ii) The ‘6’ 
axis projection of the molecule except the five-membered ring agrees very well 
with the corresponding electron density projection of phenanthreiie crystal as 
obtained by Basak (1950). The structure obtained agrees with the suggestions 
put forward by Iball (loc.cit). The bond lengths, bond angles and intermolecular 
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distances ail lie within tho limits of values generally obtained in other organic 
compounds of similar chemical formulae. The structure is now being refined 
with the hel}) of latest technicpies and when completed will give informations 
about tho finer details. 
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A SIMPLE PHASE-METER FOR LABORATORY USE 

B. CHATTEEJEE 

Indian Institutb of Technoi^ogy, Khabaopub 
{Received^ January 27, 1959) 

ABSTRACT. A Bimple phaBo-meter for ordinary use in a laboratory is deacribed in 
thia article. Tho conatmotion of thia equipment is very simple and the accuracy of measure- 
ment is much better than that available with an oscillosoopo. It needs no calibration and 
can bo used over a wide range of frequency. 

INTRODUCTION 

Measurement of phase is quite often needed in a radio engineering laboratory 
not only for research studies, but also for day-to-day practical work. In experi- 
ments on amplifiers, filters etc., it is often necessary to study their phase-response 
over tho frequency range of interest. The ordinary method of phase measure- 
ment with an oscilloscope is inaccurate and inconvenient as it is basically a graphical 
method. Mainly for this reason phase-response of such systems is not always 
measured for ordinary purposes. 

Tn the simple method of phase measurement described below, the accuracy 
of measurement is much higher than the ordinary oscilloscope method, and, in 
addition, it is a very convenient one. The accuracy is of course not as high as 
tho other described earlier by the present author (1957), but it is sufficiently good 
for ordinary works. The equipment is very simple and can be readily constructed. 
The same instrument, without any modification, can be used for measuring phase 
changes in almost all types of electronic systems, covering a very wide range of 
frequently and signal amplitude. It is hoped to be found useful for measuring 
phase characteristics of different systems and their variations with frequency. 

DESCRIPTION OP THE EQUIPMENT 

The phase measuring equipment consists simply of two cathode-followers 
having a common cathode load as shown in figure 1. The two signals, whose 
phase difference is to be measured, are applied to tlie grids of the two tubes through 
switches as shown. The output of the cathode follower is measured with an 
a.c. vacuum tube voltmeter. Inputs are fed to both the grids through high resis- 
tance (of the order of megohms) potentiometers or some sush device for adjusting 
tho levels of input signals to the respective grids. 


Ill 
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Fig. ]. A Roheinatic circuit diagram of the pliaso-motor 


In order to measure the phase difference between two signals, they are 
applied to the inimt terminals and /g (figure 1) respectively. Then the switch 
Sy is closed, allowing the input at to be apidied to the grid of the tube 2\, 8^ 

is kept open. The potentiometer is next adjusted to get a convenient reading 

(F) across the ciathode follower output. Then 8^ is opened and 8^ is closed, 
allowing the injmt at /g to be applied to the grid of The potentiometer 
is adjusted to get the same voltage reading (F) across the output. Then 8^ is 
also closed and with both the inputs applied simultaneously, the output voltage 
( Vq) is measured. Tt is evident that this output (Fq) is the vector sum of the two 
inputs (F) which were made to be of equal magnitude, 

Ij 

Thus, Fo = 2F cos ^ (from figure 2), where 0 is the phase difference between 

the two inputs. |For 0 approaching 180”, Fq may bo so small that it may not 
be possible to measure it in the same scale of the voltmeter as used for measuring 
F, and a lower voltage scale has to be used. In that case, it is advisable to compare 
t|io readings in these two scales and make necessary corrections for discrepancies 
if any]. 



Fig. 2. Illusfci’uting t,he vector addition of voltages at the output 

0 

As V and Fq are known quantities, we can calculate cos ^ and hence P. 

Also, as the same voltmeter (in the same range or in two ranges which are compared 
with each other and discrepancies corrected for) is used for measuring both F 
and Fq and only their ratio is taken for calculating 0, any inaccuracy in the volt- 
meter itself is eliminated. 
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It IS evident that will vary from 2V to 0 as cos ^ varies from 1 to 0 (the 

Jiniits of its variations) 0 varies from 0 to 180” — positive or nop:aiivo. As the 
cosine of an angle is indepenflent of its sign, no information is obtained regarding 
the sign of the phase angle. This is also not needed in most cases as the sign 
(/,p. relative lead or lag) of the phase angle is normally known beforehand. 


II K S U J. T 8 

To determine tht^ accuracy of measurement of the instrumeiil voltages 
having known phase shifts (introduced by standard circuit components) were 
applied to the two input terminals of the above meter and the phase measurements 
Mere made at different frequencies, as described in section 2. Known phase 
shifts weie introduced by a combination of a standard condenser (of OAH/iF) 
and a standard resistance (ot 1 iTfi) as shown in ligure 3(a) and the voltages between 
terminals (1) and (2) were applied to the phase-meter for the measurement of 
phase slutt produced. The moasurements Avere carried out at different fi‘c- 
qiiencies from 100 c/s to 20 Kc/s. The theoretically calculated values of phase- 
shifts produced by the above R-C combination of figure 3(a) at different fre- 
(piciicies were plotted and the curve in figure 3(b) shows this calculated variation 
of phase with frequency. The observed values of phase-shifts at different fre- 
quencies. as were experimentally measured by our phase-meter, were shown as 
cirides on the same graph. A good agreement is observed between the calculated 
and measured values. 



^QO lOOU 10,000 100,000 

Frequency in cs ■ 

I''ig. 3(a). H-C network with standard oomponentB for producing known phase -shifts. 
J'^ig. 3(b). Variation of phase with frequency in the above network. The smooth line gives 
the calculated values and the circles indicated the values as measured with tho 
given phase -meter. 
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Measuremeiits wxro also carried out on phase-shifts produced by (1) a low 
frequency amplifier (untuned) and (2) a liigh frequency amplifier (tuned). The 
phase-shifts produced between the inputs and the output of an R-C eou})led 
amplifier at different frequoneies were measured and the relative phase-shift 
“ 180“ — \ ^ W of the output voltage at different frequeiicies, with respect 
to the mid-frequency phase, are plotted in figure 4. The calculated values of 
phase-shifts at different frequencies are also shown dotted on the same graph. 
A good agreement is observed. But the agreement between the calculated and 
measured values in this case (as also in figure 5) is not as good as in figure 3. 



JO lOo 1000 JOOOO , 

Kifr 4 Viii’jatioii (if with frequency of an ll-C eoupletl anqilific^r, ns mcnHured with 

lilt* {iivoii jiluihc-iiiotei'. The (lotted lino showH the cnltulatetl \aluts. 

Figure 5 shows a similar inoasureraent in a single-tuned amplifier! with its 
timing froqiieiuy at 440Kc/s. The observed results of phase-shifts with frequency 
are shown b}^ the full hue curve and the dotted line shows the calculated values. 
Here also, a more or less good agreement is observed As the values of the 
components used m this (as also the R-(' coupled amplifier) are not kiioAvn 
with so high precision as that tor the standard components (m figure 3), the 
calculated values of phase-shifts are themselves not accurate. Hence, a larger 
discrepancy between the calculated and observed values is also expected. 

3^ 1 R C U S S I O N S 

By selecting a proper range for the V.T.V.M. and adjusting tlio potentiometers, 
the output voltage F (for a single input) may be made equal to half the full-scale 

n 

reading. In that case the V.T.V.M. reading will bo proiiortioual to cos ^ . As 
the scale of a V.T.V.M. (like that of Philips type GMfi017) meter has normally 
about 100 divisions or more the accuracy of measurement of cos ~ becomes of the 
order of i in 100. This makes the accuracy of phase measurement of an order of 
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r». Variation of phase witli fioqueiicy of a single tnnod voltage amplifier, us measui'od 
with the given })haHe-inetor. 'J’hc clotted hue shows the ealeulated values. 

about 2’ and this iB nuich better than that available with an ostsilloHeope. As 

( os ~ is not a linear funrtion of 0, the aeouraoy of jneaaureincnt will of course 
A 

differ With different values of 0. But it is approxiniately about 2” except for vei'y 
small values of 0 The accuracy >nll be somewhat less for 0 approaching zero 
degree, as iii that cjase cos {0j2) changes vary little with 0. 

As the iustrunient uses only cathode followerB with resistive load, it can 
work satisfactorily over a wide range of frequency. With porper choice of tubes 
and circuitry, accurate results can be obtained from a few cycles per .sec. up to 
a liigh frequency in the hundred inegacjyclos range. The accuracy is not lowered 
even if the cathode follower gain falls somewhat at higher frequency. As the 

.same V.T.V.M. is used to measure both Vq and V, their ratio ^ 2co.s remains 

uiiatfected oven if the cathode follower gain falls much below unity. It also gives 
linear operation over a large range of input voltage. 

The major source of error at high frequency is the stray shunt capacitance 
across the input and output circuits of the cathode follower which cause un- 
desirable (and unknown) phase changes. This is more important at the input 
end, where, to prevent loading of the circuit under test, a high resistance potoii- 
tiometor is used. As the potentiometer settings for the two inputs generally 
differ, different amounts of phase-shifts will be introduced in the tw o signal inputs 
and the measurement will bo in eiTor, To prevent such errors caused by unequal 
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pIiaHc nhifts introduced at the two input terminalw, specially when the two sigjial 
inteiislities differ much in amplitude, an arrangement similar to that in figure 6 
may be used . The signal having the larger amplitude is passed through a cathode 
follower having a variable load resistance (H^) and its amplitude at the phase 
meter inimt terminal /^ is made to be equal to that of the other signal by varying 
As is small, the effect of shunt capacitance across R^ can be neglected. 
Also, as both the signals are fed to the same resistor the phase-shifts produced 
by them {Rg) are equal and the relative phase difference between the two signals 
remain unchanged at the phase meter tube grids. As such no error is 
introduced. 



Fig. (i. A modified voimon oi figure I for ineaHuring pliiiHO at liigh fiequencios. 

As the measurement of phase needs a voltage measuremont across the i-atliojle 
follower output terminals (which is of low impedance), a voltmeter of ordinary 
design whose input Unjiedance need not be high, may be used tor this purpose. 

^ In the ideal case, both the tubes and should be identical having the same 
values of and For this purjiGse, it is preferable to use two triode tubes 
whose parameters have been tound to be identical, as it is very difficult to find 
a twin-triode the two halves of which are identical. Of course, the coiicbtion of 
having identical parameters for both the tubes is not a stringent one, because 
the stage gain of a cathode follower is not much dependent on the tube parameters. 

As mentioned earlier, the meter reading will be independent of the sign of 
phase change i.e. the meter will not indicate winch voltage is leading or lagging. 
Thus, we should have a previous knowledge of the sign of phase change produced, 
which, of course, is known in most cases. ~ 
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INVESTIGATIONS ON THE PARAMAGNETIC RESONANCE 
IN COAL WITH A TRANSMISSION TYPE ELECTRON 
PARAMAGNETIC RESONANCE SPECTROMETER 


G. N. SARKAE, A. MUKHERJI, R. N. OHATTERJEE and 
U. S. GHOSH, 
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[Received^ January 20, 1960) 

ABSTRACT. A traiifimiBRion type electron pnramagnotic rosonance epectro- 

grnph opoiating at 11 2 cm wave length is briefly describod. Preliminary investigations 
mi tlic variation in tho niinibor of ]iaramagnotic oentrcfi in coal samples with the tornpornture 
(if carbonisation, aro reported. The temperaturo variation results corroborate with those 
obtained by tho British group of workers, but differ in certain respects from the observat.ions 
of the Russian group. Tho samples from difforont depths in a inino have also boon investi- 
gatod, hut they .show a very small variation in tho paramagnetic centre concentration. 

I N T II O 1) U C T 1 0 N 

The oleotron paramagnetic resonance observeii in coals has been studied 
recently by different groups of workers (Ingram ct al, 1954; Ubersfeld, et nl, 
1954 and Garifyanov el al, 1957), but no conclusive theory of its origin has as yot 
been arrived at. Amongst the most interesting behaviours shown by coal are the 
variation in the absorption signal strength with carbonizing temperature (Ingram, 
Tapley and other.?, 1954), with tho percentage of carbon present (Ingram, 
Taplcy and others, 1954), and with the carbonization in presence and absence of 
Oxygen (Ingram and Tapley, 1955) 

With a view to investigate and explain these phenomena we have studied 
Iho^ variations of the electron paramagnetic resonance signal strength with tem- 
perature of carbonization and also with tho depths in a mine for naturally 
occur dug coal samples. Section T of this paper describes briefly a simple trans- 
mission type Rpectromotor operating at 3 2 cm wave length. The results of the 
experiments aro given in Section II and a discussion on them are incorporated in 
Section ITT. 

SEOTTON I 

T H Fi F T. F G T R O N P A R A M A G N E T I G R F S O NA N G W 
S V K G T R O M E T E R 

Figure 1 shows a block diagram of the Spectrometer. It employs a 723 
A/B Klystron as the source of tho microwave power. A resonant cylindrical 

117 
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cavity jn tJio TE„ mode having both input and output waveguide foods is used. 
The transmitted power is detected by a crystal diode 1N23, housed in a tunable 
detector mount. The current to the electromagnet is supplied from a bank of 



1. Hlot'k fhagrain of tho epr. Sjiectromotor. 

batteries. With auxiliary sets of coils mounted on the pole piece, the steady 
field is modulated at 25 cps. The steady cuiTont is slowly varied over small ranges 



Fig. 2 ParaiiuignetirTBSonant absorption signal m lignite. 

with a helipot coupled to a motor. For variation of tho magnetic field over largo 
ranges, a motor driven rheostat is used. The microwave frequency is measured 
by a llowlett Packard Wavemoter, type X532A, coupled to the main wave guide 
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through a 10 db directional coupler. A proton resonance fluxmeter ideaigued 
after Knoebel and Hahn (1951 ) is employed for the measureinent of the steady 
magnetic field. With a superhot frequency meter, calibrated with reference to 
a primary frequency standard, type GR 1100-AP, the measurement of the mag- 
netic field with an accuracy more than 1 part in 10* is very easily attained. Here 
the limitation to the accuracy in measuring the magnetic field is due to the in- 
homogeniety present in it. The present sensitivity of detection of the instrument 
is about 10/fgm. of diphenyl picryl hydrazyl. 

With the present arrangement signals having line widths up to 15 gauss can 
be observed on the oscilloscope screen. Derivatives of such and still broader 
lines can be recorded through phase-sensitive detector. Figures 2 and 3 show 
typical oscillogram and pen-recorder traces respectively for coal. In our experi- 
ments, the sharp absorption lino of Diphenyl picryl hydrazyl is used as a 
standard of reference. 



;i Den\'HiTvn of tlio opr ahsoiption signal in powdered lignite earboniHod at 

SECTION T1 

1 N \ K S T I G A T I O N (IN GOAL 
A Effect of the ^rbonizing temperature 

Briquetted samples of Lignite carbonized at different temperatures have 
been investigated. The temperature range runs from 260'* C upto 750®C. Table 
1 and figure 4 show the variation in the concentration of paramagnetic centres 
per gm of carbon as the carbonizing temperature is increased. No signal was 
observed for the sample carbonized at 750''C. A maximum in the concentration 
was shown for temperatures in between 560° C and 660° C. The line widths 
also increase with the increase in the temperature. 
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CMRBO/fIZAim TEMPfffATURE*e~^ 

Kjjj 4. Viiriuiidn (jf |))(i'ama|j;notU' j-antro conrontraiio)! with i-nilioni/mp loniiieiatiiro lu 
l)Mr|iio1-to(l lignite 

Similar behaviour is shown by powdered Lignite treated to different tempera- 
tures (Table 11). The paramagnetic centre concentration is greater in briquettes 
as compared to the corresj)onding powdered samples. 

The total number of paramagnetic centres in the coal samples were determined 
from a comiiarison of the areas under the absorption signals for these samples 
with that for a known mass of diphenyl-picryl-hydrazyl, under identical setting 
of the spectrometer. For the line-width measurement full width at half maximum 
of diphenyl-picryl-hydrazyl signal was taken to bo 3 gauss. 

B. Effect of depth : 

To study the effect of depth on the concentration of paramagnetic centres 
produced, we have investigated samples ob tamed from different depths of a mine. 
Depths ranging from 760 ft. up to 2876 ft. have been covered. The lino width 
and also the concentration of paramagnetic centres per gm of carbon for these 
samples are given in Table III. 

TABLE I 

Line width and paramagnetic center concentration in briquetted lignites 
carbonized at different temperatures 


Teiiipointui'o 

Loio wuUh 
in gauHH 

No, of piiminagneiut I’ontirs 
jier giu. of carbon 

Not. lioiitocl 

• 3.4 

1 Ox l()i« 

■2M°C 

4.2 

l.5x 101^ 

3.50"(1 

4 4 

«.4x JOIN 

4.')0"C 

4 7 

10.4X JOi'* 

r>50"C 

4.8 

25. 8 X 101 N 


ti.3 

17. 4X lOiN 

750'’C 

X 

X 
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TABLE 11 

Lino width and paiamagnotic centre conoentraii<»i in powdereci lignites 
carbonized at different temperatures 


Toni])prHtuvo 

Lino width 

III gaUHK 

No. ol parii,magiioti( I'oniros 
pm pm of ctirbon 


8 

’2.‘2x lO's 


3 S 

2 2x lOiJ^ 

4r»o'(' 

4 L» 

8.7y lO'h 

rifiox' 

4 H 

10 3x lOis 

(ino (! 

r» 

]0. 1 X lOih 

750"(! 

X 

X 


TABLE 111 

Lijie width and paramagnetic centre concentration in coal samples from 
different depths of a mine 


J3optli 

from 

Line width 

No. of parainapnetK* im 

tlu' Kuifaoe 

in pauH.H 

por pm. of curbon 

7 00 '-7" to 

70ri' 0" 

4.7 

1 Ox 101'* 

1.589'--7" to 

1 SOO'-f)" 

5 0 

2 Ox 101" 

1 044' 0" to 

1 05 1 0" 

4 0 

2.2x JOi" 

2021 ' 0" to 

2526' 10" 

4 0 

2.4/ lO'i' 

2800' 0" to 

2870'-0" 

4 9 

2 Ox l(Mi> 


SECTION III 

L) 1 S CUJ S S 1 () N 

Our results show that the concentration of paramagnetic centres increases 
steadily up to a carbonizing temperature of 550°C. This is in absolute agreement 
with the observations of the British group of workers (Ingram et al, 1954) and 
also with those of the Russian workers (Garifyaiiov et, al, 1957). We find, for the 
maximum absorption at 560° C, for the powdered lignite, the number of para- 
magnetic centres per gm of carbon is 1.0x10^® and for briquettes it is 2.6x10^®, 
while from Ingram’s (1954) report this figure comes out to be about 6 X 10^®. We 
assign the difference in the numerical values to be duo to different types of 
specimens used in the experiments. However, our results cannot be compared 
quantitatively with those of the Russian group, for their data are given in 
relative terms. 
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^’here is, Jiowever, an important difference behv'eeii our observations and 
those of the Russians, They observe that jf the thermally treated samples are 
subjected to weathering in air, quite strong signals are observed for the samples 
heated to 750°C and to 900°C, while studies immediately after the heat treat- 
ment show no signal for those temperatures. But, in our case, all the samples 
after being carbonised at high temperatures were subjected to normal atmos- 
pheric condition for more than two months and no signal was observed for the 
sample treated up to 750°C. Also this behaviour observed by the Russians is 
found only in powdered samples and not in briquettes. 

The data in Table 3 indicate only a very small variation of the paramagnetic 
centre concentration with depth. The Ime width is nearly constant. Ingram, 
Tapley and others (1954) obseivod large variation of signal strength with carbon 
percentages for samples having more than 80% carbon content, while for lower 
concentrations (as in our case) the absorption signal is expected to be nearly 
mdcpeiident of carbon percentage. So the observed small variation in the signal 
cannot be attributed to the change in carbon percentage, Hi)ocially since we are 
concerned only over a small range of its variation. 
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RENNINGER EFFECT IN NAPHTHAZARIN 

P. SRIVASTAVA 

Indian AssoriATioJv this Oiu/nVATioN oti’ Scjknlk, ('A],r'UTTA -32 
{Received^ Febrwm/ 6 , 1051 )) 

ABSTRACT. While sludying the spaoe f^rou]) ol niijilithuzann, Konningor Kffect has 
been observed in highly exposed zero-layer lOlO] Wcisseiiberg photograph. Thiw has boon 
('oiriiilotoly verified by construction o( recijirocal lattice, and by cHlculation, and the ajinco 
'jionp of the erystui has boon ilofinitely established. 


[ X 'r K 0 ly \j c. T r o n 

Diirin^^ investigation of space grouj) of naphthazariii, CiQif 402 ( 0 H) 2 , a shai-p 
1 efleciion, different from the nature of the normal ones, was observed in the 
position (405). This presented difficulty in ascertaining the spacegroup of the 
ciystal. The characteristics of this reflection, which is forbidden by the suspected 
s])aco-group extinction rules, have been studied thoroughly and its origin is ascribed 
to double reflection from three pairs of strong planes. 

1) T E (’ T I (J N 0 E li K N N T N (1 E It E E E E r T 

The forbidden reflection was very sharp and it was not accompanied by its 
usual CuK/j reflection (unlilterod CuK radiation was used) while equally intense 
normal spots were accompanied with their CuK/i reflections. A study of the 
reflecting conditions of the reciprocal lattice has been made which confirms the 
presence of Reiiuiuger (1937) reflection. 

G K A P H 1 C A b V E K 1 E 1 C A T I G N 

The verification of a case of double reflection in anthraquinono lias been dis- 
cussed by Murty (1954). The unit cell dimensions of naphthazarin have been 
determined from rotation photographs by standardising the camera diameter 
with aluminium powder, and from a consideration of the high angle spots of the 
WeiBsenberg picture (where Kaia 2 doublet is well resolved). These are a — 7. 90 A, 
h -- 7.30A, c = 16.91 A and monoclinic angle p = 124°38'. The reciprocal 
lattice has been constructed on the basis of these values and shown in figure 1. 

The radius of the sphere of reflection has been taken as 5 ems. Various circles 
drawn in figure 1 are the projections, on the zero-layer of the reciprocal lattice, 
ef the intersections of the first, third and fourth layers with the sphere of reflec- 
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tion, the iiicideiit direction of X-ray beam being normal to the axis of rotation. 
The equatorial circle (radius Rq) passes through the origin 0 of the reciprocal 



lattice, and the point A(i, 5). Then it is found that the first circle (radius 
passes through point D (1,0), third circle (radius R^) passes through point R{2,7) 
and the fourth circle (radius passes through point B(2, 6). Thus it apx)ear8 
that reflection (405) is caused by simultaneous reflections from three pairs of 
lattice planes, one plane of each pair being (110), (237) and (246) respectively. 
Since these three coincidences are rough and cannot be ascertained very 
accurately by graphical method, the accuracy was tested analytically. 

A N A L Y T l C A L V E II T K I (J A T I O N 
Let the equation of the equatorial circle be, as shown in figure 2, 

r/2 — cos (a — 6^) ... (1) 

the co-ordinates of the centre C are (1, a), (taking the radius of the sphere of 
refleetjon to be unity). Polar co-ordinates of the points are calculated from 
he reciprocal lattice (figure 1). For the point A (405), r = 0.5064 and 0 = 34°3ft^ 
Then from Eqn. (1) a = 101 '’41'. 

The radii of the circles produced by hitersection of the reciprocal lattice 
layers with tlie sphere of reflection are calculated from BOG, 


ie, 2 = 1 + - 2?-„ cos (a - 0^) 


( 2 ) 
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Both Bets of valiioB are given in Table I. 


TABLE I 

IMmtH 

liadii from 

Eqn. (2) 

Radii Iron 
Eqn. (3) 

(110) R, 

0.9775 

0.9799 

(.!37) B;, 

0.7742 

0 . 7799 

(249) R^ 

0.5303 

0.5357 


jR-values obtained from Eqns. (2) and (3) are in good agreement. 

Now the other lattice-planes of tlie three pairs can be easily found out (Lipsoii 
and Cochran, 1953). If {hhl) are the indices of the forbidden reflection, and 
{h. 2 ^ 2 h) those of a pair of lattice planes contributing to the formation 
of thiR reflection, then the following relations must be satisfied. 

fh — i ^ ~~ ^2 and I 

Hence the three pairs which must contribute to reflection (I 0 5) arc (HO), 
(6 15); (237), (6 3 ^) and (246), (2 4 I). 

From the study of the Weissenberg photographs, it is found that each of these 
reflections are sufficiently strong to contribute to the formation of (4 0 5) 
reflection. 

K E « IT L T S 

From the study of the indexed reflections of the Weissenberg photographs, 
it has been found that all {h 1c 1) reflections ar3 present. The systematic 
absences are {h o 1) with I odd and (o k o) with k odd. The forbidden reflection 
(4 0 5) is found due to double reflection. Hence the space-group No. 14 — 
for napthazarin, is estabHshed beyond doubt. 
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A NOT ON THE DEPENDENCE OF THE SPUTTERING 
PRODUCED BY BOMBARDMENT BY CANAL RAYS 
ON THEIR ANGLE OF IMPACT 

V. T. OHIPLONKAR and B. N. VARADRAJAN 

JNHTITrTlC OF iSciJfiNCTi, UOMUAY 
Heaeved, Jannan/ 21, JIJ5I) 

note Jf 

ABSTRACT. The spullenii^ prodiiretl by bombaidineni of melol torgetn wilb 
(iiiial i‘rtyn liOH 1)0(111 obHorviMl to consist of two types T and II. ajipeaini^ in I he two ehnror- 
(riiKtic angiildi regions of 0" -20" and 30 " 90 " respoetively (with rojipct to the ineulent beam), 
There ih evidi^noo to show thol (ho magnitude of Hputtering aa well us the angulai- intonaily 
distribution in type ] (which appenra (o be the aigiiifieant one involved in the aputtiTing 
o( wires) show a definite dependeutH* on the angle of impnet , thus indicating that it invohes 
.1 momentum tianatei mechanism 


TNTKOD IM'T I ON 

From the point of view of the elucidation of its mechanism, it is nnpor- 
lant to determine whether the sputtering produced by impacting positive ions, is 
a function of their angle of incidence. Experiments of Seeliger and 8ommer- 
incyer (1935) had shown that for sputtering produced by canal rays of Argon 
(5 10 kV energy) at oblique angles of impact (of not uore than 45”), on plane 

targets of silver and gallium, the angular intensity distribution in the sputtered 
deposit showed a cosine variation, which was however not a function of the angle 
of inqiact. More indirect experiments by Fetz (1942) on the sputtering of molyh- 
deiium wires produced by positive ions of mereury (150 volts energy), in the plasma 
ri^giou of a discharge, indicated that the magnitude of sputtering depends on the 
angle of impact and increases Avith increasingly oblique incidence. This result has 
1)0011 ooniirmed by the experiments of Wehner and others (1954) on the sputtering 
of wires, observed under similar conditions. It may be pointed out that the 
angular intensity distribution in the sputtered deposit, as well as the magnitude 
ol' sputtering, would show a dependence on the angle of impact, if the sputtering 
occurs as a result tif a momentum -traixsfer mechanism but would be independent 
ol it, if the sputtering is produced as a result of the alternative mechanism of local 
^ aporisation (Handbuch der Physik, 1956). In view of these conflicting obser- 
valions a direct investigation of the effect Avas considered e.ssential (Massey & 
Ibirbop,, 1952). 
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E X E K 1 M IC N r A f. 

For this i)urpose, polished piano targets of In ass, silver, gold and allumiiuuin 
{2 7 turns x 10 ninis) were exposed to the canal rays ‘>f hydrogen and air, in the low 
enei gy range of 2-4 kV, in the observation chamber of a canal ray tube (preSHtire 
not more than 50-70 microns, dark spac-e length — 50-45 mms) under conditions 
where the effects doe to back diffiiKion can be ctmsidered as nisignilicant (Hand- 
hitch der Physik, 1950). For comparison observations were also taken on the 
s])iitteriiig of a silver \Mre (diameter — 0.4 mms) under similar conditions. The 
target was mounted m a ground-joint base, in such a manner that the angle of 
imjiact 0 (taken to be the angle bel\seen the surface of the target and the normal 
to the niciflent beam) could be varied and measured. Observations have been 
taken for values of 0 - 15‘\ 50", 45", flO"", 75‘' (and also 0^" in one case). The 
spultei ed matei ial was received on a transparent plastic film, mounted cylindrically 
(radius = 10 mms) about the target as the axis A circular hole was jmnehed m 
the film, to allow the canal rays to eiitei the target chambcM The angular in- 
tensity distribution m the deposit was determined uith the help of a microphoto- 
meter A preliminary experiment, m which a target covered with a small layer 
of co|»per-oxide, was exposed to the canal rays of hydrogem enabled the delcM’ini- 
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nation of the angular divergence of the beam, at the target surface, which was 
shown to be of the order of 3“. The observational data obtained have been shown 
in Tables 1-7. Some typical mierophotoraetor records are given in figures 1-3 
and the photographs of some of the actual deposits (in reflected light) are 
given in figures 4-8 (Plato TI). 

The observations show that sputtered deposits are obtained in two distinct and 
oharactei'istic regions. Doiiotmg by 0, the angular position of the deposit with 
respect to the incident beam, deposit I (Dep I hereafter) which is the more 
prominent one, appears in the region 0 = 0“-20‘‘ whereas deposit 11 (Dep. IT 
hereafter) covers a region between 0 — 30-90'’. In a majority of the observatious 
tliese two deposits are well demarcated from each other. The appearance of these 
two types of deposits appears to be interesting as we have not been able to find 
any reforeiKJO to them, in the available literature, 

Tn the table of observations V = discharge voltage in kV, i = discharge cur- 
rent in ma, t — time of exposure in hr.s, (j) — the impact angle (?'.e., the angle 
hotwocn the target surface and the normal to the incident beam), a — angular 
jiosition in degrees, of the deposit with respect to the target sufrace, a^= angular 
po.sition m degrees, of the main maximum in intensity, m Dep I, w.r.t. the target 
surface, = angular spread m degrees of Dep 1, \i\r.t. the target surtace, 
a^(LI) angular position in degrees of the first intensity maximum in Dep II, 
w.r.t. the target surface, — Intensity maximum in Dep I (corresponding to a^) 
in arbitrary units as measured from the microphotoiuteter records and A = area 
under the microphotometer curve for Dep I (corresponding to a^) in arbitrary 
units. 

has been taken as a measure of the maximum liputtering in the deposit, 
whereas the value of A is taken to represent the magnitude of the sputtering. It 
may be pointed out that the intensity distribution for Dep I shows only one 
prominent maximum (corresponding to (Xf^) whereas that for Dep II shows, in 
general, a number of maxima which are however not as distinct and prominent, 
as the one in^case of Dep I. The position of the first maximum (nearest to Dep 
I), viz a„i(II) only has been shown in the tables. 
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TABLE T 


Canal rays of air, Target — Braes plate 
F — 2/fF, i! = 1.6 ma, i = 4 hrs. 


Pit, No. 

0 

Ini 

A 

Dep I 
«jn 

Dop 1 r 

am(n) 

Relative 

intonsitieH 

20 

75" 

17 

4K 

05" 25" 

~ 

Dop TJ abflont 

21 

00= 

- 

~ 

50*’ 51" 

85 

Dep I strnnpeHt 

22 

45" 

17 

33 

37" 22" 

- 

Dep II abaent 

2;i 

16" 

13 

15 

9" 18" 

— 






TABLE 11 





Canal 

rays of air, Target-- lirasi* 

plate 




V 

= 4kV, 

i =r 1,6 ma. t — 4 hrs 


Pit No. 

0 

Irn 

A 

Dop I 

«ttt fffl 

Dop IT 

Holativo 

inlonaitjea 

10 

75" 

74 

58 

07" 37" 

— 

Do]> 1 atroiigoat 

II 

00" 

74 

40 

57 38 

75'’ 


12 

45" 

72 

47 

41 40 

78 

• 

13 

30" 

06 

47 

21 29 

~ 


Ifi 

15" 

71 

07 

10 38 

38 


'lO 

0" 

— 

— 

__ 

— 

Dop 1 1 .atroiigeat 
Dop 1 iiogligiblo 




TABLE III 





Canal rays of hydrogen , Target —Brass plate. 




V 

U'V, i 

= 1.6 naa, t — 4: hours. 


Pit No. 


Im 

A 

Dop 1 

am «« 

Dep II 
a.«(II) 

Relative 

Intenaitiea 

20 

75" 


90' 

, or 28" 

87" 

Dep I etrongost 

27 

00' 

- 

58 

52 30 

8 


28 

46" 

— 

85 

37 44 

70 


29 

30" 

— 

63 

24 48 

- 


30 

15" 

- 

49 

10 44 


- 
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TABLE IV 

Canal rays of air Target — Brass plate. 




V = 

= 4fcF, 

i = 3.0 raa, t = 

= 4 hrs. 


Pit No. 

ib 

Jni 

.4 

Dop 1 Dep IT 

OiH n* o*w(ll) 

Kelativo 

iiitonsitieK 

.) 

75" 

57 

107 

65" 

33° 10 

Doj) 1 Htrongo«t 

4 

(i(P 

50 

78 

54 

55 83 


6 

45" 

50 

05 

37 

55 6 

,, 

7 

30" 

62 

74 

20 

43 


K 

15" 

50 

- 

7 

40 — 






TABLE V 





Canal rays of hydrogen, Target — -Silver plate 




V 

= ikV, 

i — 1.5 ma, t 

— 4 hrs. 


Pit No 

0 

I HI 

.4 

D«|) T De\) 11 

om «»»(T1) 

Holativo 

iiitonRitioN 

‘i'l 

75" 

54 

56 

75° 

62" 81° 

De]) IT strongoRl 

33 

60° 

34 

25 

56 

58 48 


34 

45" 

43 

-- 


66 30 


35 

30" 

30 

- 

- 

66 24 


36 

1 5" 

36 

- 


— 11 






TABLE VI 





Canal rays of hydrogen, Target — Gold plate 




V 

= 2kV, 

i =■ l.5ma, t 

— 4 hrs. 


Pit No. 

0 

Im 

A 

1)0)J 

“m 

I De]i IT 

a« 

lT«lative 

intenaitieH 

43 

75° 

24 

34 

72° 

46° — 

Dep 1 strongest/ 

41 

60° 

5 

32 

54 

26 — 


40 

45° 

5 

49 

39 

48 

<< 

30 

30" 

32 

16 

22 

29 53 

Dep II Htrongeet 


38 15” 46 " -- 66 


4 
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TABLE VII 

(>aiia] rays of Jiydrogen, Target--— Silver wire 
V — 2k \\ — 1 5 ina, t ~ A hrs 

VII \<) 0 hn inioiiHil io‘' 


l)(‘p [[ al»Mf‘nt 


J) r S (UJ S S I OX 

T)ep I appears to Ije quite similar to the one observed by Necligei- and iSoiii- 
nuirmoyer (1935). It appears as has been pointed out, in a oharaeteristic; angular 
region with respeet to the incident beam. That this deposit occurs as a result 
of an interaction between the impacting ions and the target v\'as shown by our 
observation that it appeared Avith negligible intensity when the target ivas ot allu- 
mininm oi* of copper oxide (0 ^ 75“). From the observations given above, 
it is evident that the relative intensities of the two dejiosits are determined among 
other factors by the nature of the target- suifac-c For example, with a brass 
target, Dep T was always stronger than Dep 11 (as a matter of fact in some obser- 
vations it was absent). On the other hand iii the ease of a silver plate target-, 
Dep 11 was always stronger than Dep 1, for a silver wire only Dep I was pi-escnt, 
(Dep II being absent). The intensity of Dep 1 show^ed in general ^ dependence 
on <p. Dep 1 sometinies showed a structure in the Form of a sharp iiunmmm (wliich 
can bo seen in figure 2). Observations on Bpiilteriiig obtained for large values 
of i {i ^ 3.0 ma and 0.0 ma) indicated that this structure is probably due to a 
redistribution of the tleposit in this region, produced liy a subsequent bombardment 
by the canal rays, as this structure Avas uivanalily obtained in the case ot large 
value of i. As the mlct aperture iii the film, covers a part of the icgioii occupied 
by Dop 11 the available data iii general give adequate information about Dep 
1 only and the disciissioji in this paper is therefore mainly concerned with this 
deposit. 

To assess the extent to AA'hieh the sputtering observed in Deji I involves a 
momentum -transfer mechanism, one has the available data on the variation 
with (p o^ ; - 

(I) The amount of sputtering A, 

|2) the angular position of the intensity maximum, 

(3) oLg —the angular spread of the deposit, 

(4) /^„ —the maximum of intensity in the deposit. 

The variation of A with <p in the various observations shows a fairly definite 
increase with 0 although in the case of a few observations (c.f. Table VI) there 
are indications of a secondary maximum for (p — 45°. 
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angular pofiition of the intensity inaxiiiniin sliows a clear dependonce 
on <j>. It must be i)ointed here that the variation in the positions of this 
maximum {i e. with respect to the incident beam) with 0 is not as significant. 
Another interesting observ'ation in this connection is that the intensity distribution 
in this deposit was not found to show the cosine variation observed by Soehgev 
and Sommernieyer (1935). It was experimentally shown by them that this typo of 
variation v as obtainerl in a deposit formed as a result of a local thermal vapouri- 
sation. 

From the point ol' view of the evaporation mechanism the angular siiread 
of the deposit should be independent of ^ whereas in toriiis of the momentum- 
transfer mechanism, it should show a decrease on general grounds, with increase 
in (j). Many ol the results obtained indicate in fact the occuTTonce of such a 
decrease but there arc others in which this does not take place. The results obtained 
on this aspect of the problem cannot thereiore be considered as conclusive. It 
is iutercstiiig to note that the angular syiread for l)ep 11 obtained in one case 
(Table VI) showed a constant value indepondent of 0 (shown in Table VIll) 
winch would bo the case had this deposit resulted as a result of a local vapourisa- 
tion JiHUihanism. 


TABLE VIIT 

Deposit JI variation of angular spread with 0. 




(iu" 4.)' 


Oa 


riu- ."i:r 5:) ' 


Unfortunately the values of lor other observations are not available. 

'file values of show iu general a variation with 0 which can be considered 
as cionsistant Avith the transfer mechanism although the data for gold (Tale VI) 
show a further increase in as 0 decreases from 45" to 15". The redistribution 
of the deposit on account of the bombardment by the canal rays could be partly 
l esponsible for the fact that J„, does not show a significant and simjjle depen- 
dence on 0. 

In conclusion it can be said that there is evidence to show that a part of 
the sputtered deposit shows a dependence on the impact angle, suggesting that 
it involves a momentum -transfer mechanism. It appears likely that the sputter- 
mg arises not as a result of one simple mechanism but possibly involves a number 
ol them (Wehner, 1954). 
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INTENSITY OF BRILLOUIN COMPONENTS IN LIGHT 
SCATTERED BY SOME LIQUIDS* 

K. C. MEDHI 

Ol'TTC's Depautmujxt, JNdian Association eoji the (/Ulttvation of Scieni-e, 
Calcutt\-32 

{Jiecpiveti. Janmi'i/ '21, 1950 ) 

Plate Tfl 

ABSTRACT. Tho lirilloain. components in light seattored liy water and aeotono 
luivr heeri recordpil using an experimental arningemonf m whicli si luy light was avoided 
v t*i y caicfiilly It is observed thal the intonsities of the Jinllouin components relative to 
lliosc of Uie central cnmponcnls arc in agreement with those prodicicd by Ibe theory of 
Landaii and riuczek. 


1 N T K (> D U C T I 0 N 

After the Brilloum components m hght scattered by liquids had been first 
discovered by Gross (1930), Landau and Placzek (1934) calculated the relative 
iiiteusities of the Brillouin conifiouents and the undisplaced csomponent of the 
riayleigh line. At!(!ording to this theory the ratio of tho intensity of the un- 
(liH])laced (!ompouent and tho total intensity of the Brillouin components is given 
by (c,j— c„) : and Birus (1938) observed that the experimental results obtained 
liy him m tho case of toluene agreed with the theory mentioned above. He also 
pointed out that tho validity of Landau and Placzek’s theory could be tested 
more rigorously by studying the structure of Rayleigh line due to water, because 
Ihe undisplaced component would be almost absent in this case. He therefore 
studied the Brillouin components due to water distilled very carefully and 
<‘oiiC‘hi(led that there was no undisplaced component. 

Exhaustive investigations on the Brillouin scattering in a large number of 
lH|uids were carried out later by Venkateswaran (1942) who also measured the 
liolarisation and intensity of the Brilloum components relative to tha.t of the 
fcntral component in each case. He used a Fabry-Perot interferometer and a 
7.mc arc as source of monochromatic light. He found that in the case of many 
liquids including water and acetone the undisplaced central component was too 
strong to he explained by the Landau-Placzck theory. 

'fhe cause of this discrepancy between the experimental results and those 
[iredicted by Landau-Placzek theory was investigated later more carefully by 

* Communicated tiy Professor 8. C. fiiikur. 
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ilaiik et (d (HHS) w ho u8ed a Fabry-Perot etaloii 10 cm in diameter ajid a three- 
j)riKm Hi)et*trograph of high light gathering power. They investigated the inteii- 
siticH and polarisation of the BrJllouin coniponeiits due to ethyl alcohol, acetone 
and water. They concluded from the I’esults obtained by them that the results 
were in agreemont Avith those predicted by Landau -Pla^'zek theory. They further 
pointed out that the discrepancy observexl by previous workers Avas due to iusuth- 
cient resolving power of the instrument used 133 ^^ them and to the jirosence of 
some percentage of stray light in the scattered light. More recently, Febelinskii 
(l9o6) found the central compoiiciit to bo too strong to be accounted lor by 
Laiidau-Plac/ek theory in the case of a few liquids, but m the case of water it 
was almost absent. 

It is, howevoj', very difficult to eliminate stray light and it. aa'Os therefore 
thought wortliAvhile to set up a suitable arrangement for the study of Brillouin 
effect ill a large number of liquids eliminating stiay light to liiul out Avhether 
Laudau-Placzek thoory can explain the observed facts l'*he preliminary results 
obtained m the case of acetone and Avatcr are discussed in the present papei . 

10 X l» 10 n I M E N T A b 

'J'lic liquids studied Avere distilled repeatedly under leducod pi'cssiire direct 
into the sample tube in order t/O eliminate dust particles A pyrex tube 4 cm. 
in diameter and about 40 (uii long with a Pyrex disc, fused at one end served 
as the sample tube. Its born -shaped tail Avas blackened Avitli flull black jmint 
and a long black tube of iliameter 1 cm placed in front of the window allow crl 
oiil}?^ the light scattered by a narrow cone of the liquid iiisule the tube to reacli 
the focussing lens T\vo mercury arcs each about 35 cm long, can ymg 12 
amperes of current and wuth the electrodes cooled by running Avater w'cre placed 
horizontally on the two sides of the sample tube and two wide glass tubes filled 
Anth distilled Avatcr Avere used to focus the light on the axis of the sample tube. 
Two parabolic miiTors were also used to focus the mercury arcs on the tube. 
Two Solid’ slits w’ere placied between the sample tube and the two cylindricaJ 
lenses to make the direction of incidence approximately perpendicular to the 
axis of the sample tube. , The dc\dation was, boAvever, about 12 degrees on each 
side. 

A Fabry-Perot interferometer with a spacing of 5.71 mm Avas used in con- 
junction with a Hilger two-prisni glass spectrograph provided AAdth F/4.5 camera 
lens to photograph the interference patterns. The 4078A line of the Hg arc -was 
used to find out the structure of the "Rayleigh line. Ilford Special Rapid plates 
AA'ere used to record the spectra. In the case of acetone an exposure of 24 hours 
was required to record the pattern duo to 407 8 A line with moderate density, 
hut in the case of w^ater the rings Avere very feeble even with an exposure of 18 
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lionrs. The Ktriicture, although not reproducible, was visible on such spectrograms, 
hut a shorter exposure was used to record the rings due to the 4047 A line with 
greater density. This line in the incident light showed one very strong compo- 
nent, a second component of about one fifth the intensity of the main component 
and another much weakei’ component. As discussed later, the jiresence of these 
components did not create much difficulty in interpreting the pattern. 


H E S V L T S V N 1) D I S (! U S tS 1 () X 

Tlie intci’fej’eiice patterns due to 4047.4 line of Hg scattered by water and 
407SA line scattered by acetone are shown iii figure 1 (Plate III) along with those 
due to these incident lines, dhe niicrophotoinetric recjorils of the rings are 
reproduced in figure 2. 

11 can be seen from figure 1(a) that the main component of the 4047A line 
has been split up into two components in the jiattern duo to water, the intensity 
at the midpoint between these components being less than 10% of the main peak, 
.ind tliero being no indication of any maximum at this place. Further, the outer 
one of the two components of the doublet into which each mam peak s])lits up is 
broader than the inner one, because the two components of the strong satellite 
fall on cither side of this component. I’he curve thus demonstrates that the central 
undisplaced component in the case of water has an intensity less than 1(1% of the 
Hi illouin (‘oinponeiils. 

Figure 2(d) and 2(c) show that each ring due to the incitlcnt 4078A line is 
split up in the light scattered by acetone, into three components all of which are 
ol about the same intensity, the central component being slightly weaker. Thus 
the ratio of the intensity of the central component to the sum of the intensities 
ol the tivo Bnllouin components is about 0.45 in this case. This is in fair agree- 
ment with the ratio 0.42 reporteil by Tlank et al (1948) and is much less than the 
value 0.79 reported by Veiikatoswaran (1942). The high iiiteiisity of the central 
component observed by Veiikateswaran (1942) is probably due to presence of 
stray light. He studied the light scattered backwards and as the background was 
<lircct!y illuminated by the incident light probably the background w'as not 
lierfectly black. 

The results obtained in the present investigation show that it has been possible 
to eliminate the stray light almost completely. The investigation is therefore 
being extended to other liquids for which the central component has been found 
by Venkatesw'aran (1942) to be too strong to be accounted for by the Landau- 
JMaezek theory in order to find out whether the discrepamy in those cases also 
IS due to presence of stray light. 
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A MAGNETIC SPECTROMETER FOR CHARGED PARTICLES 

S B KARMOHAPAl'RO 

Sam V iNHTiTirri-’ ok Ni ci-kak Pii\srf's. t'Ai,(itri'x 
{Iterrircd Fchruiirn l!."!. IDoO) 

ABSTRACT. A SirKliulni-Sx rtrlJiolin ly|‘<' iimpnt'lK' sjwm-I lojiiKiri'. dosi^ncil ioi Inciis- 
Mii^ ()! ^ I iH'otfiriH und <1 (‘vi0o|h‘cI in Uii,s lalioratoiy ih (loscniK'd wiUi coubI l uctjoiiul 

(l(’1 Mils 

Ki'Hiilts (if 1 lie nii'usui'ciTKMil of IIk^ Uui^lcIic fil'Ili niul ils j^iitdK'ni ni'c gn’('ji. I’cifor- 
iiiMiicc of llu* lostrnmf'iit iti ilu' low fiold I'Ofjjion is foslod w'd-li Hu* coiivoi'hioti (>l(’c*fi'ou niiccfrum 
of Cs-lflT Hoiird' Ex])nfimcnls sliowiii^ tlu* rcsolniioii. disiu'isioii iiiid flip .iM(d 1 ocushiiij > 
(uo)M'rlJPS of tlu' s]j('( I ronicttM’ nip pi psi^nlc'd. 

J K T l{ 0 I) r (H’ I ox 

Snico the use of a ^2 77 focussing inhoinoj?oneouw inagnetif aiialyKcr for /)'- 
,s|)tu'tr(>iuotry foi* the first tiiiio liy Sioghahn and Kvartliolni (194h), a ininiber of 
sm li clecjtroniagriets has hoen (umstructorl in different laboratories for sfioetromctry 
of Ingli onorgy ions and /y-partuHes 

The theories on this type of Invo (livectional foeiissing inagnetie analysers 
lire fully developed by Siegbalin and l^vartholni, Shull and Dennison (1947), .fuchl 
(lOriO), Rcscnbluiu (1950). Verster (1950) and others 

Theories show that at any angle other than y'^ tt, these niagnetiu analysers 
may also be used tor focussing of charged particles Based on this idea nuclear 
spectrometers have been eonstrueted by Bubiii and Snyder et al (1950), Rubin 
and Sachs (1955), Mileikowsky (1 9511) and others with a focussing angle tt. Tn 
these cases, the transiniHsioii of the instrument fairly flecreases, so as y/y n 
fociissiiig angle is preferred for /^/-speijtrometry work. 

In tins pajxir, we have described such a y'S tt focussing magnetic spectro- 
meter, designed for moderately high intensity mass spectrometry and may be 
useful for foiaissing energetic heavy ions with a limit upto ~ 1 Mev protons. 

T H E l) K E T 1 (' A L V O N S 1 D E H A T 1 0 N S 

'Phe idea of two-directioiuil focussing of charged particles with an inhomo- 
geneous magnetic analyser of the shape 

... ( 1 ) 


f) 
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wJicro /1q in the field at the mean radius rg, the field index a -- — of the 

//„ dr 

radially varying field H, is due to Kerst and Sorber (1941) in eojuiection with the 
focussing of the synchrotron oscillations Expanding eqn (I) we have 

y/, ) ... (2) 

where a - /i - 


where r — Yq 1 ^r, r„, being the mean radius 

For n — the charged ])articles are focussed in radial and axial directions 
at an angle tt. The term /? in equation (2) detorinines the oriler of focussing 
For /ff — ^ or -I, the second order aberration in axial or radial direction 
respectively, can be eliminated. Jlosenblum (1950) suggested the value of /i 
equal to } for an average first order focussing in both the direidions Higher 
order terms for improved resolution has boon considered by Vorster (1950) 
^iokGV (if al (1954) Lee-whiting and Taylor (1947) Lehr (1955) and others 


For fi -- I, the \/'2 Trfoc-ussmg magnetic analyser gives the spherical aberration 


where 




7pii 




( 3 ) 


7q and are the radial and axial aiiertures of the thambcr of the spectrometer 
respectively. 


For angles other than -y/i tt, focussing of tho charged particJes has been consi- 
ilorcd by .lucid (1950, Rosenblum (1950) and others for n In these cases, 

unlike \/2n focussing angle, the source and the detector arc to be plaijod outside 
the magnetic field. For other values of n, the possibilities of using these magnetic 
analysers have been considered by Sternhciiner (1953) and others as Alsocvcsky 
et al (1955). However, from the general exiiression for the solid angle 


4i-») 

where Avq^ is the maximum available cross section area for the ion path, we see 

that for any focussing angle other than \ due to the finite distance I of the 
source from the field boundary, the solid angle factor is diminished. For a focus- 

_ /j 

sing angle \/2 tt, Z ^ 0 such as ^ “2 sterad and is maximum compared to any 


other focussing angle with the field index n —0.5. 
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DKSKIN AND CONSTRUCTION OU THE MAO NET 

Duo oonsicleratioiiH wei-e given to the different types of inhomogeneous magnets 
l)efore the present manget was constructed. It was found that for high intensity 
ion-spectrometry with a moderate resolution a focussing magnetic analyser 
will be more efficient than any other type. A (jlosed cylindrical type magnet 
lufcs been used by Arbman and Svartholni (1955) for //- spectrometry and such types 
are better in respect of the stray field, however, we chose a central core type, 
so that the cost of magnetic materials is less for a bigger spectrometer as 
re((uiied for heavy ions. 

I'Jie magnetic analyser has been constructed! with a central core 40() mm dia, 
254 mm height, two circular yokes 100 mm thick, 430 mm dia. IV^o annular 
])ole pieces 430 mm O.D., 330 mm T.D., mean radius — 381 mm. 

The magnet is cast by Messrs Bhartia Electric Steel Co. Private Limited, 
(-aic.utta, with a special iron with 0 08%- 0 12% carbon content. The pole 
pieces are given a gardiont, so tliat rj — 2” where tj is the angle of the surface to 
the symmetry plane and the gaji width i^s slightly greater than 50niin, so as 
fi -- 1 /4, is satisfied at least m tho region of r„ - 381 mm 

We should mention that the dimensions of the above described magnet 
IS not optimum, and it would be bettor to use a core of larger diameter. But 
considering tho space for tho coil and the cost of the magnetic material, we hav’o 
limited our design to tlie above dimensions 

After prelimmary measuremonts on the field gradient, two guard rings 430 mm 
T.l) , 470 mm O.D., tapered at an angle 7° are inserted to tho outside boundary 
of the pole fanes to avoid the stray fringing fields 

The exciting coils consist of five pancakes each having 4000 turns of 20 S.W (>. 
double glass served silicone bonded copjier wire, wrapped with glass cloth and 
impregnated with silicone 996 varnish for attaining high insulation One of the 
jiaricakos has 200 turns less for providing insulating materials, decided to bo 
used after the design. Tho coils have total d.c. resistance of 800 12 and are given 
power from a stabilised high voltage supply of 200V — 1.5kV and max. cun’ent 
1.25 amp. In this cncuit 6336 double triodos (Chatham) are used as series tubes, 
and 5651 for reference voltage, the power supply has a voltage stabilisation 
0 l"o. The w^eight of the magnet is 3000lbs. and that of tho coil 450 lbs. 

M E AS UREM ENT O E THE MAGNET! I! IM E L 1) AND ITS 
G H A DTENT 

The magnetic field is measured with varying current at the mean radius 
with a fluxmeter (Norma). The field vs current curve (figure 1) shows that the 
magnet may be used for the spectrometry w'ork with 144K gauss-cm. 



142 


S. B Kurmohapatro 


For measuring the field gradient, of the ahoi'^e type of magnets, rotating 
searcJi coil methofls have been employed by Hetlgran (1951), Lamb and Rother- 



t’jg. I. t'mid VH ruirciit curve 

lord (1951), Langer and Scott (1950). Null reading flip coil method has been used 
by Buechnei et al (1948), Fotcher and Rubin (1955) for lueasuring the gradient of 
the inhomogeneous juagnets. We followed the latter method because it rocpiired 
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less precision in luechttiiical construction. We used two search coils, mounted 
on a brass tube and driven by a l/l(Mlh.p. small motor coupled to the end of the 
tube The rotation is limited to 180° by a switch which stops the motor when 
the 1 SO'’ rotation is (complete. One of the coils (2500 turns) is fixed at 381 mm 
ciiifl the other one (850 turns) is movable. The circuit, which is em,ployed for 
1 ({dancing the output voltages from the search coils using sensitive galvano- 
nictor as a null indicator is similar to Fetcher H al (J955), The resistance 
divider consists of a decade resistor (100 fi per stop) and a 100 Ji helipot. 
Null point is recorded for different points of the magnetic pole piece setting, 
the movable coil at those points with the fixed coil at — 381 mm with 
lh(‘ different values of H^. 'Phe ratio was calculated from the resistance potentio- 
meter for different values of r. Figure 2 shows the .f — r curve experimentally 
found Avith the finally shaped pole pieces. The accuracy of the measurement is 
not better than 02”/^,, because of the broadening of the null point due to the 
])hase shift in the search coils. The curve theoretically calculated with (i --- 1 /4 m 
c((uation(2) is compared Avith the experimental points, so a small part of the 
jiole laces seems to be available for a first order two-directional focussing of the 
( barged particles. 


V \ U U .Ai 10 Q IT I i*]\i 10 T S 

The annular shaped A acuiim (-ham her is made of iiicli thick brass sheets 
ibiul Avelded to fit the polo gap. It extends a foAv ems over the 27(1° extension 
of tlie pole pieces lor facilatmg the introrluction of the sourtio and the detector. 
'I’lu^ cntranc-e and exit slit-holders for the charged particles are mounted Avitliin 
till! chamber at an angle before welding it. Three baffies are inserted within 
the chamber at equidistant spaciiigs betAA'^ocn the slit-holders for avoiding 
scattering of the particles. The central one may also bo used to place slits to 
T educe the radial and axial aperture of the speijtromoter 1’iie baffles and the 
slit holders have approaches from the outside through the ojieniiigs. All the 
ojioiiings arc made vaccum tight with flanges and O-rings 

The chamber is cAnicuated by a fi" diffusion pump backed by a mechanical 
pump. The speed of the diffusion pump is-18() litres per sec. at K)-*'* mm. Hg. 
with Ji AAnter cooled baffle. The limit ot the A'^acuum attained is 1 X 10“" mm. 
Hg Avitliout the use of any hiAA*^ temperature cooling trap. The general view of 
the spectrometer with the vacuum equipments is given in figure 3. 

V E 11 F () Jt M A N 0 E 

To test the performance of the spectrometer, a solution of chloride of (^s-137 
\cas deposited on an aluminium plate, the width of the source being 7 mm. The 
Nourco was placed in the slit-holder of the spectrometer vacuum chamber, t^nd the 
coiiviArsion electron spectrum of (1.661 Mev y is detected Avith a 1B85 (Victoreen) 
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H. Cenpral viow of tin* 

counter through a 3.2 nun wlii at an angle at the detector side Tlie niagent 
is excited with acid cells in the following oxperiinentH. >’igui*e 4- shows the resolt^L'd 
spectra of K and fj lines at a solid angle — > 0.4‘’o sterad. the resolution attained 


f/sct* 

bO 



18 4 18 8 VJ.2 111.6 20 mA 

Fig. 4. ConverHioii olertrcm spoctnim K «iifl L oi ('s-137, delot-ipcl by counter. 

is 0.64% at the half- width compared to the theoretical resolution 0.42%, cal- 
culated from the formula, 
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JtpHoliitioii at half peak --- 

Sr,, 

'i’Jie radial aperture, hi -- 44 iiuii and the axial aperture, h >, - uim deteruurie 
tlie aberration, By reducing the apertures and the width of the source 'a’ 
and that of tlie detector slit "h\ the resolution can further he increased. The experi- 
1111 ‘ntal resolution obtained above is worse than the theoretical value due to tlie 
secondary radiations from the chamber walls and the source target itself, Some 
irnjiroN'ement may be expected by using a more suitable soprce target so that 
hai k scattering and such radiations are avoided. 

The flispersion of a two-directional focussing magnetic analyser with )i — 0.5 
IS twice that of a homogeneous magnet. It can be represented as 

1 ) =. ( 0 ) 

^o! p 

whcie is the mean radius, Ss is the distance between the peaks of the particles 
having inonientum p and a diftereiuje in momentum (ip. The dispersion of the 
luagnelic H])ectrometer is tested wnth a (Ilford) G-5 nuclear emulsion (100/^) plate, 
placed m the detector side and is exjiosod to the conversion linos L and M of a> 
narrow er Cs-137 source Since with this method a loss intense beam can bo detected, 
riisolved L and M siiectra are roconlod. Figure 5 shows the L and M conversion 
lull's scanned from an lixposcd plate according to the method adojited by Aiiatov 



.1. L and M ronvoiaion linos of ('b- 137 rocordod by imolear omulsiou plates. 

{ 1 956) Tho number of electron tracks N plotted with the length of the plate 
ni hgm'e 5 includes the background counts determined from a plate without 
any exposure to the source. To attain accuracy in tho estimation of the internal 
conversion coefficients from the spectra, with this method, it is better to attain 
an improved statistics from two or more plates exposed imder the same conditions. 
Itowmrei-^ from the scanning of a single plate with a Leitz Ortliolux microscope 
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(>1 magnification 1000, wo have a distance of betin eon the peaks of 

li and M linos having oiungy difference 4.304 keV. As tho plate makes an 
angle JO" to the j)lane, j)cr]icndicular to tho optic axis for facilitating tho 
detection of electrons, is equal to 4.92 £0.5 nini. m that plane. Thus 

/) _ ;i.S r 0.4 

This is to he compared to the theoretical value of J), ivliieh is 4 for such two 
directional focussing magnetic analysers 

The axial focussing projierty of the magnetic speetromoter is also tested with 
the same source deposited on a cotton thread and placjed lengthwise in the radial 
direction of the speetromoter. Tho sharpness of its image in figure ti .shows the 



Fi^. (). 'I'Jk • of Q ('otfoii i hrortrl .soaked w'll.h Ch- 137 souroo lon^l hwisc in Nic j iiditil 

dinu'hon 

existence of the axial focussing, attainable with this type of magnetic analysers. 
The less intense himinon.s part near the image is due to the cotton fibres of the 
thread . 

'J''ho jU’cseiit magnetic .spectrometer shows the po.ssibility of its use for 
high resolution -spectrometry work. With the .stabilised power supply for 
exciting tho magnet, the spectrometer is expected to focus I Mev protons a.s 
tested by the measurement of the field Measurement of tlie gradient also shows 
that a comparable resolution may be attained with high energy ions. 

Further works, to test this instrument with a high intensity ion source and 
high accelerating voltage, are in progress. 
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CONSTRUCTION OF A 14 MEV NEUTRON GENERATOR 
UTILIZING r(d, n) He‘ REACTION AND MEASUREMENT 
OF FAST NEUTRON FLUX* 

BIMALENDU MITRA 

Bose Institixte, Calcutta- 
{Received for pvhUmtioii , March 14, 1959) 

ABSTRACT. Construolion of a low voltage actjolorating machine lor accelerating 
ileutoroua winch is utilized tiB a source of production of 14 Mev iicutronB, by (d,n) lie* 
j()U(d-ioii, has been desciibod. !Neutron counting has been done by counling recoil iirotons 
m a Hiulriblo Hointillaliou counter. Neutron yield has also been measured indirectly fiom 
saturaLfid aotivity ol' an irrudialod I bin silver toil. Increase in relative flux with increasing 
dueteron energy from ;i() Kev to .1 Mev has been obtained. 

I. INTRODUCTION 

Banerjeo (1965) reported previously bho construction of a neutron generator 
in tfifi Bose Institute The machine was capable of focussing 2 microamperes 
of (leutoron beam current accelerated to 52 kilovolts, on a Zr—T target placed 
at a distance of 34". The yield was also determined which was about 1x10’ 
Dontrons per second in the experimental condition. It was then proposed that a 
larger machine capable of a much greater and continuous yield of neutrons be 
built up in the laboratory iii addition to the existing one. The present author 
has HUccessfiilly built up such an apparatus in the Institute. The instrument 
iw (j) more compact, almost portable, and (li) has high efficiciuiy with very large 
neutron yield. 


i CON ST R U UT J ON 

The apparatus, like the previous one, is a low voltage deuteron accelerator 
Avliic'h IS utilized to produce 14 Mev neutrons by the following reaction : 

4" ~ Ho* + 11 + 17.6 Mev 

I leiiterium gas is obtained by electrolysis of heavy water and stored in an one- 
litre flask at nearly normal pressure. This gas is led into an ion-source made of 
pyi'ex glass through a line needle valve. The ion-source is similar to that which 
has been described by Moak, Reese and Good (1961), but differing in a few details. 

♦Partly reported m Low Energy Nuoleai' Physics Symiiosium 1959, organised by tho 
L>.A E 
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ft iH also (jf large volume, nearly 360 e.e,, lo minimize the ei)aoe charge effect and 
the exposed metallic parts have been kept minimum. The electrodes are carefully 
concealed within projecting pyrox glass jackets. Figure 1. shows the schematic 
drawing of the ion-source. 


ENTRY 



A radio- trociueiicy discshargc is maintained in the lou-source by means of an 
oscillator of freipieucy 20-22 megacycles per second and capable of delivering 
nearly 200 watts of power (figure 2). Loss in the output of the oscillator is 
minimized by use of a parallel transmission line upto resonathig coil round ihe 
discharge tube and matching the im])odanee by trials W'ith dimension of the ex- 
citing coil. A second resonance circuit’s coil is kept near the first coil, placed 
axially with tlie discliarge tube and energy transferred to it by link coupling. 
Diameter of the coils is 2.3" and it is thick silvered copper wii-e, having 
6 turns. The variable coudonser lias vanes separated by 4 mms and immersed 
in oil. 


6V6 607 



Pig. '2(a) MftHter oscillator and driver unit of K. F. oscillator, Ifi-SO 
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Uudor the experimental condition this ft'equency band of 20-22 mogacjycles has 
been seen to bo most effective in producing maximum ion current. A magnetic 
analysis of ions produced in such an ion-source has been previously done by 
Banerjee (1963) under nearly the same experimental condition, whi(;h showed 
that more than 60% of the ions produced were atomic ions. The ions arc drawn 
out of the discharge tube through an orifice in the aluminium probe in the dis- 
charge tube. 
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Figure li is the photographic record of the deuterium discharge, close to the 
probe canal. The discharge when viewed hy a direct visions pectrograph shows 
three clear spectral lines, a, fi, y, corresponding to Balmer lines of hydrogen. The 
ions, drawn out of the discharge tube is focussed electrostatically by means of 
two 1/16" thick cylindrical aluminium electrodes. The lengths of the focussing 
and next accelerating electrodes are 18" and 4" respectively. The inner diameter 
is 2.8", hut the first foemssing electrode has a six-inch part of it of different dia- 
meter being 1.8". Information regarding the design has been greatly obtained 
from the pioneering works of Tuve et al (1936) who (‘onducted detailed experi- 
ments with various kinds of such electrostatic lenses for focussing positive ions. 



Fig. riiotograpli of lOTi-HOurco showing deiiteron dischaigp oloso to jirobe-caiiHl 


The electrodes are held within 0.25" thick Index glass cylinders, specially made 
for this work by Messrs Sigcol Ltd., Calcutta, having inner diameters 3.7.5 
and lengths 6", 9" and 2" respectively. Each cylinder is flanged at either end 
having ground flat surfaces. The whole assembly forms a cylinder, whose 
different parts are made vaccum tight by greased O'rings and suitable clamps. 
The general arrangement is shown in the figure 4. — 

The target is fitted on a circular brass plate which is clamped at the end of 
the accelerating cylinder. The accelerator mcluding the ion-source has an overall 
length of 24" only and rests in a horizontal position on two insulating perspex 
stands. The accelarator tube and the ion-source with the aluminium probe 
extractor are attached to the two shorter limbs of a T-shaped mild steel tube of 
inner diameter 4" - the longer end of the tube is connected to the vacuum system. 
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This T-tubo has been bored from a solid blook of steel to avoid any possible 
vacuum leakage. 



Kig, 4 I -Ion HOiiro s (J — tioutoiium oiUry, IC-prohe-cauaJ, T- --Pimm gaugo 

lioari, V — vaciuuni couaection, T- T-nhupod mild al«oel tube, R -ulimuiuum eleo- 
Irodt'H for ole<-(,T'ot3t»<.M' fooussing, A --alunumuni vinga foi lioUlmg Ibo olool-iodoH in 
poal-ion, C — clamps. (> — npojjrine O'rings, t— -largot, rl — high voltage loads, 

\ -PoiNpox stands 

IHie pumping system consists of Leybold's OT 100 and D 10 oil diffusion and 
liacking pumps respectively, having inimiiing speed of 100-120 litres per sec. 
and reaching an ultimate vacuum of 10“* mm of Hg There is aiTangemoiit for 
inserting a Pirani gauge head close to the probe canal. 

l^^or typical operation, the ion-source probe attached to the T-tube is kept at 
zci’o potential while the tungsten electron-extractor at the other end of the ion- 
source ke|jt at -f .'1.5Kv, the first focussing electrode and the second accelerating 
eJectrcKle are given succav^sively incroasmg negative potentials. The target is 
kept 500 volts negative with respect to the preceding electrode. 

The targets have been procured from AERE, Harwell, and consist of Tritium 
gas adsorbed in Titanium metal, deposited on a copper disc. The target contains 
about ]A mg. of titanium in which .61 c.c. of 97% pure tritium gas is absorbed. 

The high voltage apparatus consists of a rectifier-voltage doubler circuit 
capable of giving 125 Kv at 500 milliamps from 60 cycles A.C. supply (figure 6) 
For greater voltages, the existing R. F. Cockroft Walton type generator, capable 
t)f giving 400 //. amps of current at 240 Kv D.C. potential can be used. Output 
lOKv from the r.f. oscillator, at lOOkc/s is multiplied 24 times. 

In a particular experimental condition, a total beam current of more than 
500 amps has been obtained, focussed under 76 Kv., on the target within a 



154 


Bimalendu Mitra 


circular spot of nearly 1 cm in diameter. But for the experimental purpoBOB 
current ib now kept limited to only a few fi ampts, because of two considerations 



Kig. 5. 12.'> KiIovoIIh high tciwioii imil 

(1) Target requiring more efficient cooling arrangement (2) Neutron shielding 
of the apparatus requiring more eloborate arrangement CVioling is now proposed 
to be done by refrigerated (JCI4 licpiid circiilaring in a closed systoii} through 
polythene tubes. 

At present the apparatus is kejit in a second storeyerl room of the laboratory 
and the room is air-conditioned where humidity control is possible. As the 
neutron shielding is difficult in an upper storeyed room, the apparatus has been 
proposed to be shifted to an underground room, under constiiiction for its own. 

:i. M K A S U H M E N T O V E D T R O K - L U X : 

The nutrons have been detected by counting recoil protons with the help of a 
photomultiplier-scintillation detector employing ZiiS in perspex as phosphor. 
The tube used is EMI type ()2(M). The measurement of neutron flux has been 
done in the following way 

Fast neutron flux turns the silver nucleii, present in silver metal in normal 
isotopic forms Ag^"’ and Agio® the ratio 51.35o/„ : 48.65 0/0, to radioactive silver, 
Agio® and Agios niainly {n, 2n) reaction. The decay scheme of them is the 
following : 

AK‘«’(n, 2n)Ag">«„-/^^ _> Pd>»» 

® ® 24 min 


Ag“»(n, 2n)Agi"" - -> C(l“* 

2.0 mui 

The cross section of (n-2n) reaction in both the cases is fairly well known. Hence 
by irradiating a very thin silver foil long enough in tlie fast neutron flux to get the 
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2.3 rain, saturated activity, and counting product /i-particles we can know the 
eijuivaleiit activity. Then neutron flux is given by 

(no) ^ no. of neutrons/sec. cm^ = ^ (i) 

No- ' 

A — equivalent activity 
JV — no of nucleii/cin* in sample foil 
(T = (n, 2n) reaction cross section. 

The actual count in the counter is related to total disintegration rate by a 
formula ; 

f") 

whcrii ^ disiiitegratioii rate 

^ = actual count rate 
m 

E ^ corrected efiicieiicy of the counter 
ft — counter dead time correction factor 
fji — backscattering correction factor 

f^, -- lactor for corroction of absorption in window, air and 
counter wall etc. 

/; — self -absorption factor 

III the investigation a ^^ory thm silver foil is attached to the atrnosjiheric side of 
the target Tt is circular, having diameter exactly I", i.e. being equal to the 
tritiuni absorbed layer of the target, tt is irradiated by fast neutron flux for 
10 mins. During the irradiation, pressure inside the ion source is adjusted very 
cautiously by the needle valve so that the ion-current indicated by the microam- 
meter in senes with the target connection, remains strictly constant. The oscil- 
lator outjiut remains constant, as shoAvn by a r.f. ammeter in series ivith the 'coil. 

The total accelerating voltage used is 62 kilovolts, total beam current kept 
fixed at 50 fi amps. The focus spot can easily be marked on the target by its 
ilcep bluish colouration and is less than one cm in diameter. The ion-source 
probe voltage is 3.5 Kv. The discharge current is 2.6 mA. The potential in 
the first focussing electrode is 37.6 Kv. 

Waiting for 1^ minutes after irradiation, the thin foil, having a thin aluminium 
backing, is held under an end window /f-comiter (having Smg/cm® window thick- 
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ness) in a fixed geometry. The decay curve is plotted as number of counts per 
minute (every half minute interval) against tune and from this decay curve, 
initial activity is extrapolated, assuming that in 10 minutes, saturation is 
reached for 2.3 minute product. 

In the formula (ii), E is the product of geometrical factor -- and probability 

477 

e’ of counting a p particle which enters the counter, neglecting multiple pulses. 
The relative value of E has been determined by the helj) of a standard source 
of known strength prepared from sodium phosphate of 2mc/ml strength. P'^^ 
beta particles have nearly the same energy as Ag^®® betas. The other corrections 
arc made after usual procedures. The correction/^ is taken from the backscatter- 
ing curves obtained by .Ziimwait (publirfiod in the U.S. AECU— 567), for P^^ 
radiation, with A1 backing, f^ have been neglected because the foil is a very thin 
one. The value of a has been obtained from Los Alamos results given in USAEO, 
— BNL325. Oalculation from (i) shows in this experiment, 50 //a of total beam 
accelerated up to 62 Kev, yield 1.4x10® neutrons/sec/cm“ passing through the 
foil attached on the atmospheric side of the target. 

4. V A 11 1.4 T JON OF N E U T K O N YIELD W 1 T JT 1 N C: It F A S F 
O V D E U T E It O N K K F It 0 

Bretscher and French (1948) studied the cross section of {d,t) veac.tiou for 
projectile energy upto 126 Kev, and their works showed the presence of a reso- 
nance at nearly 100 Kev 

Conner et al (1952) studied the (T, d) reaction in details, employing tritium 
adsorbed targets, and varying the deutoron energy from 10 Kev to 1732 Kev. 
They obtained the maximum value of cross section at 109 Kev, rr, being equal 
to 6.1 zb 1 barns. From their curve it has been determined that inciease of 
{2\ d) reaction cross section, i.e. increase of product neutron yield is nearly 5 
times at 100 Kev than its value at 51 Kev. 

Til the present investigation, the scintillation counter reading m a fixed 
geometry from the source has been calibrated to read neutron flux directly. 
Keeping the beam current constant and varying the projectile energy from 30 
Kev to 100 Kev (the focus-spot on the target is seen to remain -on the target 
area inspite of a little variation in the dimension of focal spot), counts per minute 
in the scintillation- detector, which counts recoil protons, is plotted against 
deuteron energy and thus variation in neutron yield with increase of deuteron 
energy has been obtained (figure 6). 

The curve fits with the curve of Conner et al (1962) in voltage region lower 
than 100 Kev. 
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Deuteioii energy in Kov— » 

Vig 6. Curve showing neutron yield wiih inercaBe of deiiteron energy. 
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ENERGY DISTRIBUTION OF NEUTRONS FROM 
RA-D-BE SOURCE 

B. SEN 

(Saha Inhtitute oe NucufiAH Physics, Calcu'jta-Q 

{Bu'&wed for pubUcation., March 19, 1959) , 

ABSTRACT. U'ho energy distribution of neulrons from HaU-Be source has been 
studied Avith photogruiihic plates The efioct of snatteniig of tlieae neutrons in lead was 
investigutod also. The neutron peaks in the energy distribution oun^e eorrespond to different 
levels of Ci2. The discrepancies are discussed. 

INTKO D U CTION * 

Tho iioutron energy sfieetra from Po— Be source has been investigated by 
various niotiiods (Richards and Demers, year ; Whitomore and Baker, 1950; 
Gursky et ah 1953, Elliot et al, 1954, Breen ('I al, 1945). Almost in each case tho 
spectra obtained show two general characteristics . 

(i) The presence of throe peaks of neutrons near 3 Mev 5 Mov and 7 Mev 
eiieigios coiTosponding l-o tho JovoJs of residual nucleus at 4.43, 2.5 Mov. and 
tho ground state (Horny ak and Lauritsen, 1948) respectively and 

(ii) an average energy of neutrons of about 4.6 Mev. The peak near 5 
Mev. has boon explained by Whitmore and Baker(196()) due to the presoneb of 
a level of at 2.5 Mev ; however the data from other experimental results show 
the level structure of C'^ (Ajzenberg and Lauritsen, 1955) with the first excited 
level at 4.43 Mev. In view of these conflicting reports an attempt was made to 
check the energy spectra of the neutrons from Po-Be source. Instead of Po — 
Be source a RaD-Be neutron source was however used. It is well known from 
the decay scheme that there is no a omitting imclide between RaD and Po and 
as such the a-particies taking part in the reaction producing neutrons from a 
(Ral) I Be) source are those from the decay of Po^^'*. Hence the neutron energy 
distribution from a KaD-Bo source should be identical with that from a Po-Be 
source, There are however a few low energy y-rays in the decay of RaD and RaE. 
Lead absorber ivas used to cut off there y’s which fogged the plate slightly which 
was exposed to this source directly. The spectra obtained in tins experiment 
also show a prominent peak near 5 Mev. Possible reasons for the presence of 
this peak are discussed. 

JO X P E B. J M E N T A L I* B O 0 E D U R E S 

The RaD-Bc source of 20 millicurie strength was used as the source ol 
neutrons and jihotographic plates were used as detectors. Ilford 0-2 plates of 

168 
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100 microns thickness were mounted radially about the source with the plane of 
the emulsion horizontal, the .distance of the centre of the plate being 10 centi- 
meters from the source. Exposures were given once with the source only and once 
with lead of thickness nearly one inch surrounding the source. The plates v'^ere 
processed by the usual method of processing thin plates using Ilford ID— 10 
developing solution. 


METHOD O E M E A S U B E M E N T 

The proton recoil method has been followed m the experiment described 
and since it is most extensively used in neutron energy measuremoiits, no detailed 
descriptions are necessary here. All measuroinonts were done according to 
the method given by Rosen (1053). The projected length to the emulsion surface 
of the available tracks were measured. The selection criteria were that only 
thos(^ recoil proton tracks were recorded which had horizontal angles of loss than 
or equal to 15° with the central line and dip angles of loss than or equal to 15° 
ill the unprocessed emulsian, further only those tracks were accepted which 
started and ended within the emulsion. 

With these criteria, the corresponding energy of the neutron was obtained 
using the following procedure. The projected length Ep of a recoil track is related 
to the absolute range Lp of the proton track in the unprocessed emulsion by the 
I'elation Lp — Bpjeos tlr where cos ijf is the average value of the cosine of the angle 
ij/ between Rp and Lp and is a function of the angles and which arc 
the maximum values of the half angles 0 and 0 respectively (each equal to 15° 
111 the present case) of the rectangular pyramid formed by the recoil jiroton track. 

The energy of the recoil protons is directly obtained from the range energy 
curve of Lattes ef al. The neutron energy E„ corresponding to the recoil proton 
energy Ep is given by the relation E^ — Eplam-p where cos^^ is the average 
value of the cosine squared of the angle p between the incident neutron and the 
recoil proton directions and is again given as the function of ymax ^imx 
where y^nax I'l^® maximum value of the angle y that the incident neutron makes 
with the axis along which the projected lengths of the tracks are measured. 
This method leads to an error of less than one per cent in the neutron energy 
E,i tor and y,naa, loss than 16°. Finally in order to transform the measured 

Iiroton energy distributions into the neutron energy distributions the variation 
of the n-p scattering cross section Avith neutron energy and the escape probabi- 
lity of the recoil protons from the emulsion surface ((Rosen, IH53) should be taken 
into account 

About 1100 tracks were scanned in the case m which lead absorber was used 
and 750 tracks were observed for the case in which no absorber was used. A 
Leitz microscope vrith 8x100 magnification Avas u^ed for the measurements, 
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No corrections were made for straggling effects. The shrinkage factor was taken 
to be 2.6. 

TIESULTS AND DISCUSSIONS 

The energy distribution curves for both the cases were plotted at the energy 
interval of 0.6 Mev as shown in the figure 1. There is good agreement of our 
curves with that obtained by Whitmore and Baker (1950), Elliot et al. (1954) and 
others. The common features are the followings: 

(i) The spectra extend upto the maximum neutron energy of nearly 11 

Mev. 

(ii) Neutron peaks are obtained near 3 Mev, 5 Mev, and 7 Mev. 
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Pjg. I (hollow) & Fig . 2 (above). ^ 

No peak was present near 1 Mev when the plot was at 0.6 Mev energy interval. 
When the histogram is drawn at an energy interval of 0.26 Mev a small peak is 
obtained near 1.6 Mev. 

The low energy sides of both the spectra were plotted (figure 2) at an interval 
of 0.25 Mev neutron energy to study the effect of inelastic scattering of neutrons 
in lead. No sharp difference is observed between the two curves. 
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A thorough diBcuBsion haft been made by Whitmore and Baker (1950) to give 
jnopcr explanation of the energy spetd-ra of noutroiiH obtained from Po-Be source, 
examining all the possible discrepancies. In tlie curve obtained in this experiment 
almost all the characteristics noted by Whitmore are present. The peak near 5 
Mcv or the 2.5 Mov level of is absent in many other experiments (Powell, 1943; 

( 'hampion and Powell, 1944, Bradford and Bennett, 1950). Experiments detecting 
v's and y—y coincidences (Ajzenberg and Lauritsen, 1955) show the presence 
of 4 43 Mov level as the 1st excited state of These evidences indicate that 
the jieak near 5 Mev is not due to excitation of any level of The csomparison 
of the theoretical neutron spectra (Whitmore and Baker, 1960) considering 
(•Illy the ground state and first excited state with that of the experimentally 
o))tained shows that the intensity of the higher energy sides i.e. from 6 Mev to 11 
Mev js much reduced in the experimental curve. All these discrepancies may 
be due to the elastic scattering of the neutrons. The neutrons liberated in the 
iSOLirco after Be”(a, reaction before coming out of it may be scattered elasti- 

(ifilly again in the beryllium nuclei within the source itself. The emerging neutrons 
then lose some energy which transfer to the recoil nuclei. The neutrons within 
the energy range 5.6 Mev to 8 Mev after elastic scattering attain the energy 
v^alue near about 5 Mev. Whether a peak occurs or not can be checked in the 
I oil owing way. The energy of an elastically scattered neutron for a given 
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Cinergy of neutrons before scattering Eq is again function of scattering angle 
and is given by the relation 

^ sin“ 0)1 j 

where m — moss of the neutron and M ~ the mass of the nucleus under investi- 
gation (Be®) 

Again for a fixed neutron energy a uniform distribution in angle in centre- 
of-mass system corresponds to a uniform distribution in energy in the laboratory 
system. The maximum and minimum values of E^i corresponding to a fixed 
value of E^^ are calculal^l and plotted in figure 3 in the range from 6 Mev to 8 
Mev. Now to determine the effect of varying neutron energies wo need the exci- 
tation function of this. It is to bo noted here regarding the result of this calcula- 
tion that the assumption has been made that neutrons of fixed energy Eq liberate 
neutrons with a uniform distribution of energy. Following the same iype of 
calculation used by Whitmore and Baker (1960) the distributions of scattered 
neutrons may bo obtained from the given range of energy of neutr-ons before 
scattering. If the number of neutrons having energies m the range dE^ is propor- 
tional to dE^, and if each such jiarticle after scattering gives J{Eq) scattered neu- 
trons and if these neutrons ai-e spread uniformly over a range of energies LE^^i 
then the number of such neutrons having energies between Ef,i and [Epi-^dEi]) 
is proportional to f{EQ)dEQ . dE^ijAEpi. The number of neutrons of this feuergy 
therefore may be calculated on this basis using the value of elastic S(;atterhig cross 
section at that energy to obtain /{Eq). The elastic scattermg cross section is 
taken equal to half of the total cross section o-f at this energy. The was obtained 
from The curve obtained is shown in figure 4. It shows the presence of a 

peak in the region of 4 — 5 Mev. There is however difficulty in interjire ting the 
intensity of the peaks obser ved mth the theoretical one. 

The average energy of the continuous distribution of neutrons is 4.6 Mev 
The effeid of inelastic scattering in lead is mainly from the neutrons of this energy. 
But actually there is the contribution from neutrons of energies extending upto 
11 Mev. This gives rise to a very complicated pattern The effect of inelastic 
scattering of 4.6 Mev and also of 14 Mev neutrons has been studied in lead 
(Mandeville and Swann, 1951; Graves and Rosen, 1953; Whitmore, 1953) 
These results show an increase in number of neutrons in the low energy region 
and a peak near 1 Mev due to the excitation of the level near 3 Mev of naturally 
occurring lead. In our curve no sharp peak near 2 Mev was obtained using lead, 
and the increase of number of neutrons in the inelastic region is very small. Also 
the peak near 8 Mev is sharp using lead for which no proper explanation can be 
given. 
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— > (Mev) 

Fig. 4 


No detail and precise, analysis is possible because of the largo statistical error 
and the coiuplicatod jvatiire of the process because of the continuous energy 
distribution. 
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MAGNETIC STUDY OF IRON-CONTAINING GLASSES 
AT ROOM TEMPERATURE 
BHUPATI KUMAR BAKERJER* 

Indian Assoc'iatjon row the Ottltivatjon of SciENt’E, JADAvruw, GALruTTA-.‘l2 
{Jificeived for pubhcahou, Jaii^uartf 30, 10f)9) 

ABSTRACT. Tho wull-kuoMTi mwgiioiip moiliod of analysis is a])pliorl f o oluoidale t-lio 
oiij^in of eolouv m bona oxirlo, borato and high land Kiliaato glassos nontaining iron, It is 
obsurvod fhat iron oxisl s in glass in moro than one form and tho jiroiioi-lion of difforoni forms 
1)1' non in glass chango.s witli tho ( 1 ) composition of tho glass base, ( 2 ) tho nature and eon- 
(■('iiti Htion of iron compound and ( 3 ) the temporatmv and tlie time of heating All theso 
ohsei val ions are discuasod with reforenco to tho existing thoorios uboul tho ongm of colour 
111 non glass Tlio above obsei x ations aro also explained from the stnictund picture of oacdi 
gliiss base. Tho colour of iron glass comiirising solid jihase colours and liquid ]»haso ooloui-s 
IS due to the resultant offoot of two or moro forms of iron of difforent valency states with the 
diflei'ojit typos of electronic binding intending tlie covaloni and oleetrovalont linkages 

1 N T R () D U C 'IM O N 

Thu study of tho origin, of colour in iron glasis has provided a fascinating 
lij'ohJoLii from the oarJy time onwards. Outstaniliiig workers on this Imo arc 
Jaiikson, Wejd, Mooro, Jung, iStevols, Cole, Kreidl and few others. Though the 
iniljhslied information is vast and voluminous yet oiir knowledge of the mecha- 
nism of coloration in iron glass is still elementary. An excellent summary of the 
difforent schools of thought has boon compiled by Weyl (1960) in a monograph 
(111 (!()loured glasses. But from the results of several workers like Moore et al 
(1949 and 1960), Woyl (1943), Cole (1961a) Stevols (1960), Jong (1952, 1954) and 
Abou-El-Azm (1954), it is clear that theie is no consensus of opinion regarding 
tlic (hcniical pictin e of different chj’omophores in iron glass Their observations 
arc summarised in Table I. 

Berhaps the most distinctive property of different forms of iron is their 
uiJignotic behaviour. The nature of bondings of iron ion with its surrounding 
ions, its co-ordination number, valency etc. have a direct influence on the 
magnetic property of the element. Ifurther it is known from the work of Colo 
(19616) that the bondings with oxygen in tho network forming position are more 
vDvalent than tho bondings in the network modifying position. Natuially with 
Uie transition of the electronic bonding to the more covalent type of bonding 
Iho paramagnetic susceptibility will decrease by the quenching of the orbital 

’’■I’resorit addroHs : — Central Fuel Reaoarch Jnatituto, P,0. Jeolgora, Dhanbad 
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moments. In the Table II, the susceptibility values of iron arc given in various 
states of valency and coordination which will be useful for comparison with our 
experimental findings. 

As such, it will be interesting to study by magnetic method the state of exis- 
tence of iron in glasses of vai*ying comiiositions as well as in the specimens prejiarcd 
under different melting tonditions. There, too, the effect of concentration of 
colourant and the r-elationshi]) between the colour and the state of existence of 
iron in ‘neutral’ ♦glasses aiul in some ‘reduced’ tglassos as well as in a few ‘oxidised’ 
glasses deserve careful attention 


TABLE 1 


j3cscri\»tion ol 
colour 

Name ol difleront workeia with (hoii views given 
vortical column 

in the 

Moore and 
('o-woik('rs 

(1040, ior»i 
& loni) 

W.A.Weyl 

(1043) 

TT.Cole 

(lO/il) 

J.M S levels J.lJe Jong 

(1050) (1052 & 1054) 

Colour loHH 
(Absorption in 
iilUaviolei) 

F ('04 

To I, railed ru 

Fe'i 

N W.M.* 


Fo^^ 

K W.M. 

Fe+'i 

N.W F 

nrown 

FoaO., 

Colloid 111 

Fe+a 

N.W.F.* 

PV?) 

Fe^ I 

N W.F. 


niuc 

I'Va 

J’roseiice of tV- 

u group 

Fe+-J— 0— Fe^'* 

interaction 

of Fe'2 — Fo^3 

(probably not. 
work forming) 


ColourlesH 
(Absorption in 
Intra-red) 


'-i 

N.W.M. 


Fo ^2 both 

N.W.F. and 

N W.M. 

Fe-'^ 

N.W.F 

Grey 

FC;,04 



Mixture of Fe^ 

1.1 


Colloidal 



(N.W.F.) and 






Fo^2 — Fe^ « 



♦Wlioro K.W M. moaiiti nolwork motlifyiii|i: (jotion iirid K.W.F. meiiriH network forming 
cation 

fOlaHHos iii'o pi'e|)arod in neutral or oxidisuig or reducing fui-nuce atmosphere. 
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TABLE I] 

Magnetic property of some forms of iron 


DoscrJiJtion of X of Eo 

lion ion with X lO** ai 

no electron 25“C 

jiairing 

DoHcri]jtjon of 
iron ion wnth 
electron 
pairing 

X of Fe 

X 10*' at 
25‘'0 

Description of 
Homo oxides 
of iron 

Magnetic 

hohnivjour 

with 225 4 

()i‘l)ital moment 

Fo+- in square 
configuration 

59 68 

FoO in solid 
aggregates 

Feebly 

parumugiietic 

Fc'- .^ 1)111 only 178 H 

\’nlue 

Fe+2 jn 

Octahedron 

J3ia- 

magnetic 



1 Mjiin only 201.1 

\ nlni» 

If'e'"! m 
square 

ill 6 

a-FHnO;j in 
solid aggregate, s 

l<’eehly Ferro- 
magnetic 

Fo^i with 225 4 

OT'hital inomoni' 

FehJ in 
Oetuhodron 

22 29 

n-Fe-Oa in 
colloidal <li.S})or- 
sion in glass 

X*- 39.4 

X 10“0 at 
2 ()‘'C (altei 
Abou-El- 
Azim, 1 954) 

Fe+i without 178 8 

oi'bitul moinen 1 

IV ^ in 
st(uaro 

178. H 

y-FoaO,-! in 
solid aggrega 1 /cs 

Ferromagnetic, 

I'V'J with 17H.S 

nrhitul moment 

Fo'4 jri 
( )c tailed 1 on 

,59 68 



I^’c»+ti without 5!) 08 

oihital momenl 

Fe<^« in 
square 

.59 68 

FoaO.! in solid 
aggregate 

Ferromagnetic 


E(j^o 111 
Octahedron 

59.68 

K 0 . 5 O 4 in colloidal 
disiiorwion in glass 

X*- 424 

X 10 “ all 
20 "C (alter 
AboinEl- 
A/.m, J954) 


♦Difforont valuoa aio also fciuiul in tlia liiorulmo. 


10 X 1* IC K 1 M E N T A L V R O O E D t) E 

The present inveBtigation covers several glass systems such as jirimaiy, 
bmary and ternary iron glass where boric oxide is the main glass forming oxide. 
(Hass series studied are as follows . BgOg, alkali- boric oxide and lithia-berylliurn 
oxide boric! oxide glass systems. The last named glass is usually konwn as 
Lindoiriann glass. A variety of high lead potash silica glass is also included. 

All experimental specimens were prepared from extra pure materials such 
as borax, boric oxide, alkali carbonate, alkali nitrate, beryllium carbonate, red 
lead (Pb 304 ), ferrous exalate, tartaric acid, precipitated silica etc. Boric oxide 
'vas prepareci from pure boric acid by heating at 1260° C in an electric furnace 
for eight hours. The requisite proportions of different components of glass batch 
wore thoroughly powdered, mixed and then heated at 1060°0 for six hours in a 
T)latinum crucible, except in the case of lead glass where sillimanite crucible was 
used, All glass samples were prepared in a neutral furnace atmosphere with the 
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exception of few ‘roclnced’ borate glasses and ^oxidised’ lead silicate glasses. 
Special care was taken to prevent frothing in some high alkali glass batch by 
adding the batch coni])ositionB in small quantities tc) the melting pot till they 
melt. The melt of silicate glass was agitated several times during the course 
of molting so as to ensure complete homogeneity of the Hystem. Further all 
glasses were annealed at 575“C for half an hour and then cooled to room tempera- 
ture in the same way prior to any physical examination. 

The total ii'on content of each specimen was determined chemically by the 
usual dichromate process after removing the boric oxide as methyl borate. In 
the case of lead glass and Lindemaim glass (lithia beryllium oxide-boric oxide 
glass) necessary steps were taken for the removal of interfering elements like 
lead and silica in lead glass and beryllium in Liiidemann glass respectively before 
determining the iron content in the system. The alkali content m each glass 
specimen was calculated from batch composition 

All magnetic measurements were carried out in an accurate and sensitive 
torsion type Curie balance which was developed and modified m our laboratory. 
The details of the balance with the method of calibration and the limit of accu- 
racy have already been published by Dutta-Roy (1955). 

The susceptibility at room temperature 30()“K is calinilated from the standard 
expression : 

Xi ^ i A'2- ) I” the correction 

for air has been introduced. 

= mass susceptibility of the unknown substance at 300“K. 

^2 = mass susceptibility of the standard substance at 300°K. 

— mass of the standard substance. 

nil — iTiass of the unknown substance. 

01 rotation in degrees for the unknown substance of the torsion 

fibre to balance the magnetic force. 

0 2 — Corresponding rotation in degrees for the standard substance. 

= volume suscoptibifity of air at 300'’K. 

= density of the unknown substance at 300°K. 

P 2 — density of the known standard substance at SOCT’K. 

The standard substance used in the present investigation was chromium 
potassium alum. The value for the mean square of the effective moment of 
Cr+® is 15.05 in Bohr unit [Dutta-Roy, (1965)] . For pure glass base which is 
diamagnetic, water was taken as a standard substaniie with mass susceptibility 
at 300'’K = 0.7200x10'®. Mean of three mcasuromonta of each specimen was 
token. 
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In the vitreous system like iron-glass the magnetic property of iron is alToct/ed 
much by the diamagnetic property of the glass base, due to the small concen- 
tration of the colouring constituent. However, the mass susceptibility of iron 
c;an be determined from the following additivity relation ; 

Xb = 

where Xa — susceptibility of glass 

Xc — mean mass susceptibility of iron 
Xb — mass susceptibility of the glass base 
= concentration of iron 

Thus the mass susceptibilities obtained for the iron in different typos of iron 
glasses were compared with one another amongst several glass series studied 
liore 


JMAONETTC' rKOPERTY OF IRON JK BORIO 
OXIDE (i L A S S 

In the literature some valuable observations have boon reported on the colour 
ineciliaiiisui ol borate and borosilicate glasses containing iron by Moore, Weyl, 
Abd-El-Moneini etc. but so far no such work has boon done on pure BgO^ series 
possibly duo to the difficulty of preparing boric-oxido iron glass where the colour- 
ing oxide ^6303 (in the pure form) does not satisfy the criteria of glass forming 
oxide. However, it is observed that iron oxide can bo dispersed in pure dry 
hone oxide at a temperature of lObO^'C to the extent of 0.3 per cent iron (of the 
total glass content) and the resultant coloui* of the glass is yellow. Two such 
samples with varying iron content have been studied. It is observed that the 
colour of the glass dooiiens more with tlio increasing content of colouring coiisti- 
tiicnt in glass. 

The susceiitibility value of iron in each sample is given in the folloiving table : 

TABLE HI 
Boric Oxide Glass 


(ilasH 

No. 

Iron 
ooiitont 
in weight 
percent 

X of glauH 
XlOfi at 

25‘’C 

X of glass 
base X 1 00 

X of ivfm 
X 10“ at 
2.')"C 

1 

0 1722 

-0 2081 

-0.4300 

73 . 70 

2 

0.2712 

-0 1983 

-0.4300 

84.08 


It can be readily seen from Table TII that the susceptibility of iron in B3O3 
glass does not correspond with the value of any smgle form of iron. Again, 
Irom tho coirsideration of the glass composition it is evident that EogOg in itself 
•"‘in combination with BjjOa cannot form network forming or network modifying 
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catioriB. All these indicat;(i iKat iron exiats in two or more forms as solid phase 
colours in the glassy matrix. The distribution of different forms of iron is very 
much dependent on the total iron content in the same glass base. 

MAGNETIC P R O P E ll T Y O E IRON IN A T. K A L I- 
BORIC OXIDE SERIES 

The present investigation of different binary borate systems is extended to 
various samples with increasing alkali content in lithia-boric-oxide, soda-boric 
oxide and potash-boric oxide glasses. The magnetic work on similar glass systems 
is already reported by Abd-El-Moneim (1954) and Bbatnagar (1945). 

The experimental specjimons comprise a luimbor of samples of different 
compositions aiul each glass specimen was preiiarorl in neutral furnace atmos- 
phere. fn all those cases, iron was introduced in the original glass base as Fe 20 .,. 
The mass susceptibility of iron in different glass bases is given in the following 
table : 


TABLE TV 

Lithia-boric oxide series 


(tlaflfl 

Alkali 

Eo in 

X of gluK.S 

X of glubS 

X of Fo 


oxido 

weight 

> JOJ* at 

buHo X lO'j 

XlOfi at 

No. 

111 Wti. 

jierceiit 

jjoji'ent 

2.7“C 


2i7‘'C 


,7.745 

1 74.7 

3 .787 

-0.311,7 

223 . 0 

'1 

10.04 

1.072 

3 .730 

-0,4173 

23.7 7 

r> 

1.7 00 

1 013 

2. 0.7.7 

- 0 4iti0 

243 . .7 

i) 

18.4S:i 

0 72 

1 337 

0.4193 

243 .7 

7 

J 8. 4811 

1 010 

2.099 

-0 4193 

249 1 

H 

JS 48.3 

1 119 

2 411 

-0 4193 

252.. 7 

}) 

31 20 

0.2.70 

0.21.70 

-0.3971 

244.4 



Soda-boric oxido series 




10 

9 47.7 

2.848 

5.534 

-0 4213 

208 . 6 

11 

17 46 

1 585 

5.271 

-0.4432 

225 8 

12 

31 00 

0.6,70 

1 116 

-0 4217 

236 1 

13 

31.00 

1 048 

2.137 

-0.4217 

243 . 6 

14 

31 00 

1 210 

2 . .77 1 

- 0.4217 

246.9 

1.7 

34.00 

1 358 

2.870 

-0.3989 

240 2 

Potash-boric oxide series 

16 

4.61.7 

1 621 

2.629 

-0 4580 

190 0 

17 

14 22 

1.673 

3.120 

-0.4186 

211.1 

18 

41 44 

0.830 

1.556 

- 0.4155 

237.1 

19 

41.44 

1.221 

2,528 

-0.4155 

240 6 

20 

41 44 

1.310 

2 789 

-0.415.7 

244.2 

21 

58.55 

0.421 

0.790 

-0 4213 

243.1 
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It is evident from Table TV that the mass susceptibility value of iron changes 
with the ohaiigo of glass composition, nature and the content of alkali ion. In 
ilie same weight for weight composition of different alkali-boric oxide glasses, 
llio mass susceptibility value of iioii decreases from litliia-boric oxide glass to 
potash-boric oxide glass. Further, the experimental susceptibility value of iron 
does not correspond with the theoretical value of anj^ likely form of iron. Again, 
111 comparison with the mass susceptibility value of iron in glass, the mass 
susceptibility value of iion in the present binary systciii is quite high, which is 
duo to the presence of more of high-mass-susceptibility form of u'oii like ferric- 
lou ill the system. Further, in all cases the mass susceptibility value ol iron in 
binary system lies between the susceptibility value of ferrous and ferric, ions. 

It may bo of mterost to mention here that the present result is not in 
agreeinont with that of Ahou-El-A/.m or Bhatnagar. The value of mass sus- 
ceptibiliiy of iron iii the above soda-horic, oxide glass as well as in other lithia- 
horic oxide and potasli-hoiic oxide glasses of eoniposition similar to ours and of 
Biinilar thermal history as obtained by Ahoii-El-Asm lies much lielow the Fe(oiis) 
‘spin only’ value of iron m each c-ase. In contrast with that the value of mass 
suscoptihdity of iron m oxidiKcd’ borax (with 31% Na^O) glass as obtained by 
Bhatnagar (who studied only few samples of soda-hoiic cxido glasses) is very 
close to tlio feme ‘spin only’ value. Wliereae our results of mass susceptibility 
ot‘ iron ho in between those of ferous and ferric ‘spin only’ values. 

MA(3NE'rJ(^ I’llOJMCHTY OF IRON IN TKKNAllY 
H ORATE OLASS 

^J’he ternary borate system is represented by lithia-bory Ilium oxide-boric 
oxide glass (usually called Lindoniaim glass) of the billowing percentage composi- 
lion ; LigO — 13.74, BeO = 5.54 and BjjOg = 80.72 The colouring constituent 
IS nitrodncccl in the glass as FcgO.q The choice of the above system has been 
niiide after due consideration of the sirueture of lilhia-borie oxide glasses. In 
conncidion with the i;onstitution of ternary borate glass, it is worthwhde to men- 
tion liore that the above system contains small amount of Bo+^ ion which has a 
small 10111(5 radius (/ ^ .31 A) and high ionic potential (8.6). 

The mass susceptibility of iron in Eindemaim glass is given in the following 
table wherein the suscoptibility value of iron in two binary lithia-boric oxide 
glasses with 10 and 15 per cent liiliia eonteiit respectively is included for the 
sake of comparison. 

It is seen from Table V that the susceptibility value of iron in Liiidemami 
glass lies iii between that of ferrous and ferric ions and this value is greater than 
Iho con^esponding lithia-boric oxide glass (vide table II). This can be accounted 
lo]‘ by the prosenco of Bft+® ion in Lindoman glass whore Be ion can also function 
as a network forming cation. Thus in the competition for occupying the network 
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TABLE V 

Liiidomami Glass 


CilasH 

samjjlc 

No. 

Tyjjo of gliisH 

Lilhia 

111 Wti 

J>OJ‘ ooul 

Eo ill 
weiglil. 
per eonl. 

X of }?hihs 
10‘> at 
25"C 

X of glaHH 
ba-io 

X 1()‘- 

X of Ee 

X 1 0*5 H,t 

25"C 

22 

Liiidemann 

J3 74 

2 004 

4.515 

-0.4425 

247.0 

2;i 


13 74 

l.JOO 

2 246 

-0.4425 

244.0 

4 

Ijiiliiu-boi j(j oxido 

10 04 

J 672 

3.530 

-0 4173 

235 . 7 

5 

Liiliia-lioi 10 oxide 

15 00 

1.013 

2 065 

- 0.4160 

243.6 


Ibriuing position in the glass iiicshwork m both Lindemann glass and lithia- boric 
oxide glass, the number of feriic loii ui network forming position will be usually 
smaller in lithia-boric oxide glass and still smaller in Liiidemann glass. That is 
why the possibility of the gieater ])ropoj-tion of ferrit: ion in network modifying 
position is more in Liiidemann glass than in the corresponding lithia-boric oxide 
glass. So the susceptibility Anihie of iron m Liiidemann glass is mor e than the 
(■oiTespoiiding lithia-boric oxide glass. 

IV[A(]INETIC PJlOriOllTY OK IKON IN 1* 0 T A S fl - L K A J) 

0 X J 13 E - S 3 L r C A ‘OXIDISED’ O L A S S 

The potash-lead oxide silica glass of percentage composition, PbO — 60.0, 
KflO = 10.0 and HiOg — 30,0 stands (piite in contrast Avitli other glass sysl^ems 
studied in the present case. The major constituent in this case is load ion Pb"''® 
with its high polarizabiUty capacity with (18-1-2) outer electrons In this glass 
batch PogO;, was added as colouring oxido and potassium was introduced as 
KNOt so as to ensure oxidising condition during the period of melting. The colour 
of this glass is yellow and in such high-lead glasses, small amount of iron produce, s 
intensive colour [(Jackson, 1927) and Hampton, (1946)]. This type of glass has 
been described by Moore and co-workers as fully ferric glass where iron exists 
mainly as a colouring ferric ion. The suscejitibility value of iron in high load silica 
glass as obtained by us is given in the followmg table . 

TABLE VI 

Potash high lead silica glass - 


Glass 

Iron in 

X of glass 

X of glass 

X of iron 

sample 

weight, 

xlOtt at 

huso 

xlOtt at 

No. 

per coni 

26‘’C 

XlOo 

2r)°C 

24 

0.78 

1.614 

-0.3250 

242.2 

25 

4.01 

10.110 

-0.3250 

269 9 
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It is quite evident from Table VI that the susceptibility value of iron in tho 
above glass series with higher iron content shows a close similarity to that of tho 
icTric ion, although m the case of low irojx contejit specimen the mass suscepti- 
hihl.y of iron is somewhat lower than tho corresponding ferric iron. It is to be 
uoled here that Moore and Kumar (1951) and Abou-EbAzm (1964) studied tho 
similar type of glass and their experimental data are discussed in this connection. 
Moore and Kumar did also record like us, the gradual increase of mass susceptibility 
viiino of iron in glass with the increase of iron content in the glass system but 
tlicii’ experimental values stand quite high (y of iron = 330 x 1 0“® at 20°C) 
compared to those of ours. But Abou-lfil-Axm’s data are too low (y of iron = 
133.8x10“® at 20*^0). Again when compared with other glass systems studied 
hero, the susceptibility value of ii*on in this glass system is usually high, specially 
in a high iron content specimen (4.01 %). Thus the composition and the oxidis- 
ing (iondition of the above glass batch favour the formation of tho higher 
mass suRcoiitibility variety of iron like feme ions in the system. 

B E 1C ¥ V E C) U IKON ('> 0 N C E K T K A 1 O N C) M T H E 
S U 8 C E P a’ I B 1 L 1 T \ VALUE OK IKON IN GLASS 

It is quite evident from the preceding tables (1 to VI) that the mass susceptibi- 
lily value of iron in the same glass base increases with tho rise of iron content. 
This observation opens a number of speculations about the relationship between the 
cimcontration and proportion of different forms of iron including the ferromag- 
uctic form of iron. 

In order to identify the forrojnagnetic component in tho glassy matrix, if 
(hero bo any, the magnetic measurements of almost all samples of preceding 
Irihlcs M ere oxtemled to different fields strength (3500 gauss and 2600 gauss) and 
Til each <:ase the same result was obtained. The above observation rules out any 
possibility of the existence of any discrete ferromagnetii! substance in the glassy 
matrix. 

It is to be noted here that the influence of concentration of iron on the colour 
oJ’ iron-glass has been studied by somo workers like Che Andresen Kraft (1931), 
bhiwa (1935-38), Donsem and Turner (1938), Wang and Turner (1942), Abou-El- 
A/in and a few others. Besides the spectro-optioal absorption study, Abou-El- 
Azm studied the relationship betw'oon the concentration of iron and the mass 
suRueptibility of ii’on in the same glass of afkali-silicate series. He observed that 
With the increase of iron concentration, there is a corresponding increase in the 
susceptibility value of iron. 

T HE S T A E OK IKON IN G L A 8 8 V E P A K ED U N D E K 
K E D U tU N G CONDITION 

Hitherto, all the work has been done in the glass systems wherein iron was 
ini reduced in the form of EegOa colour of the glass was yellow in general. 

4 
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J3ut a variety of blue or bluish green coloure<l iron glass can bo prepared by 
adjusting the composition of the glass base and having a reducing atmosphere in 
the furnace. This condition is nearly fulfilled by using iron-oxalate in place of 
Fe 203 and the partial replacement of alkali oxide by alkah tartarate or alkali 
oxide with tartaric acid in the glass batch composition Some typical alkali- 
boric oxide glasses have been prepared under these conditions and the colour 
of these glasses is bluish green. Abou-El-Azm (1954) and Bhatnagar (1954) 
had studied some such boi’ate glasses. Tt is observed that the reduction of iron 
in potassium borate is easier than that in sodium borate glass. The mass 
susceptibility value of iron in ‘reduced’ sodium diborate and potassium diboratc 
glasses are given in the following table along with the liorresponding values of 
‘yellow’ (neutral) glasses with the same iron content 

TABLE VIT 


Humplr 

No 

> OoHmption ol 

glHKH 

Alliuli 
oxide 
in wt. 

(jor coni 

Fein 
weight 
]»oi een( 

X of glafci.s 
y 10'> a1 

2r)“0 

X ol glasH 
bORO 

X 10'- 

X Of Kh 

X lO'i Hi, 

25 T 

2(1 

Soda bonx oxicit' 
rorlucod 

:h 00 

J 210 

2..S89 

-0 4217 

238 !) 

14 

Soda boi'ic oxidt' 
neutral. 

:J1 00 

1 .210 

2 .574 

-0.4217 

246 , 0 

27 

PotiiHli-boiif' 0 X 1 d<* 

1 odufcd 

41 -10 

1.22J 

2 08() 

0 4155 

204 5 

11) 

I’otaHh-boi'ic oxido 
noiitrul 

41 .‘10 

J 22J 

2 528 

- 0 4165 

^240 (i 


It is quite evident from Table VIJ that the mass susceptibility value of iron 
in so-called ferrous glass is less than that of the corresponding yellow ferric glass 
but this observation is not in agreement with the results of Abou-El-Azm who 
found that the mass susceptibility of Ee in reducerl alkah borate glass is more 
than the corresponding neutral glass Bhatnagar (1945) however observed that 
the mass susceptibihty value of iron m reduced glass was lower than the corres- 
ponding oxidised or netural glass That is quite clear from the consideration 
of the fact that the mass susceptibility value of the ferrous ion is less than that 
of the ferric ion. Again the overall mass susceiitibility value of iron in ferrous 
glass is greater than the mass suscejitibihly value of pure ferrous ion and that 
indicates the xircsence of ferric ion in the system. As a matter ofiact it is almost 
impossible to have all the iron in divalent state as is evident from the work of 
Bancroft and Cunningham (1930) and Woyl (1943). 

MAGNETIC STUDY OF SOME GLASS SAMPLES OF 
D ] F F E KENT THERMAL H J B T 0 Jt Y 

III the course of the present investigation, the influence of temperature and 
time of heating on the susceptibility of some iron glasses have been studied. 
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Some glass specimens have been thermally treated at various tempdraturos 
^^itllout, of course, devitrifying the glass as a whole, with a view to studying the 
(liaiige in the magnetic property of those samples It is well known that the glass 
;is a class is very much suscoptihle to temperature treatment. As a matter of 
fact all its physical and thormodyuamie properties are dependent on its thermal 
history. So in the same iron glass, it is quite expected that the relative proportion 
of ferrous and ferric state of iron in the glassy matrix wdl he affected very much 
due to the varying way of temperature treatment. With the increasing of time 
and temperature of melting, the colour of the same glass undergoos a change. 
As, for example, the colour of the forrie glass changes from yellow to grey through 
some intermediate stages during the process of long heating. Similar is the case 
with ferrous glass where the colour changes from blue to green and linally to grey 
through some intcrmodiato states. The change of colour at different 
colouring stages is associated with the change of different forms of non already 
])rcsent in the glass. Consequently along with that, the overall susceptibility 
value of iron in glass changes with the change of colour. Thus the different 
forms of iron undergo oxidation, reduction as the case may bo, with the tempera- 
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turo of molting, duration of heating and the furnace atmosphere. Ferrous glass 
m the absence of reducing furnace atmosphere gets oxidised to ferric state on 
prolonged heating. In ferric glass there is a possibility of formation of a fen'ate 
and ferroBo-ferric oxide at a resonably high temperature (about 1300°C). Thus 
it is quite expected that in glass system the thermal treatment affects the magnetic 
property of the glass. The magnetic data of some such glasses along with their 
thermal history are given in the following table. 

It is thus seen from Table VIll that the susceptibility value of iron in glass 
increases Avith the increase of temperature of melting and the duration of heating 
and that the increase of susceptibility value of iron is due to the increase in and 
forraatioji of some forms of iron Avitli high mass susceptibility as avoU as the 
simultanoous growth of colloidal dispersoid like FegOg if there be any, in the vitreous 
matrix. In this context the absence of ferromagnetic solid phase colours is shown 
by making the suscejitibility measnremoiits of the above samples at different field 
strengths of 3500 gauss and 2500 gauss respectively 
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PROTON-NUCLEUS SCATTERING AT 96 MEV 

ARUNDHATl GHOSE 

DjfiPAltTlMlilNT OF ThEOHETIOAL PhYHICS, 

Indian Association fob the Cui.tivation of yufENCJS, Jadavpttk, Calcutta -32 
{Jteveiwd for publication, March 5, 1959) 

abstract. In ptiyjor tlie cross flection ibr\<h« pi'oton-imclous Ficatieriiig at 90 

has boon calcnlaiod in the Born ajiproxiraution with a diffnflo aiiriucp optirul model 
|i()lonluil 

I N T R, O D II 0 T TON 

The analysis of elastic scattering of protons by nncloi in the low and medium 
fiiiergy region has been done by Woods and Saxon and others. Tn earlier studios 
d, has been found that for large angles a square well potential predicts larger 
values of scattering cross section than what are observed experimentally. With 
a view to obtaining a better fit of the theory with the experimental values, a 
i‘()UJidiug of the edge of the nuclear well was first introduced by Woods and Saxon 
(l{)r)4) who had obtained good agreement for scattering of 20Mev protons by 
medium and heavy nuclei. Other workers have obtained similar agreements 
for different energy values of proton. 

In tile present jjaper using an optical model potential the proton-nucleus 
scattcriiig cross section is calculated m the Born approximation for 96 Mev pro- 
tons. 

M A T H E M A T » C A L ¥ O R M U h A T J C) N 

The scattering of proton by a nucleus is treated as scattering by point source 
generating an average potential. This potential consists of a nuclear optical 
model part plus a coulomb jiart arising from the uniform charge distribution of 
llie nucleus. Thus 


v=r„+Va 

Fj, = (F+ir)/[l+exp (r-E)/o] 


ze^ i 
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where R and a are known as the half way radius and the diffusenoss parameter 
respectively. R is expressed as 

V and W are the parameters that determine the strength of the nuclear potential. 
In addition to the nuclear potential, we have the coulomb potential similar to 
that of uniformly charged sphere. The idea is to see how well such a velocity 
independent and central potential can explain the angular variation of the 
scattering cross section at high energies. 

The scattering amplitude ^ccordijig to Born approximation is 


f/n\ Hnhn, f sin kr , 


when 


/t — sm {012) 


The nuclear potential extends from zero to infinity and the coulomb potential 
is split into two parts, 
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The scattering cross section is given by 

m= i/FW+/oWii*+ \fwm M 

where /y(0),/pp(0) and are the scattering amplitudes due to nuclear and 
coulomb potentials. 
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The contribution of coulomb acattoriiig predominates only at the forward 
st^attering angles and sViarply decreafies Avith the increase of the angle. The intor- 
{‘oi'cnee due to the nuclear and coulomb potentials arises only from the real part 
of the nuclear potential and not from the imaginary part. The mmiiiia in the 
scattering cross section appear because of the sine and cosine terms present in the 
sfiattering amphtiule arismg from both the coulomb and neuclear potentials, 
it may bo montioiiod hero that the positions of minima are almost entirely detei-- 
iiiiued by the influence of a is very little. I’he values of the parameters in the 
interaction potential are so fixed as wnll give the best fit AAuth experimental results 
As energy of the proton increases, it has been found necessary to decrease V and 
increase Tf . Finally at 1100 Mev proton-nucleus scattering, Bjorklund and others 
(1057) have taken V to be zero and W equal to — 16 Mev. We have tried to adjust 
the parametjers such that the theoretical findings agree with the experimental 
results of Oerstein et al (1957) For sdver we take 1^—- 19 Mev, 17 = 0, 
a --- 0.5x10“^^ cm and = 1.22x10“*“ cm We find that there is a minimum 
at 5“ which is not borne out from observational data (figure 1). Moreover 



c.in auglo 
Fig. I . 

Th'joretieal Curve 
Expoi'i mental Curve 
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tho positionB of the minima are a little away from where they ahould be on the 
large angle wide. In order to eliminate both the above anomalies for silver we 
propose to take V -1.9 Mev., W ^ — 28.5 Mev., a ^ 0.6x10“^“ cm and 
1.33 x 10"!® cm. It is noticed (figure 2) that the theoretical values ol the 
minimal ])oints ai*e still very much loss than tho experimental points, llio values 
of the scattering cross section at large scatter- ing angles are apiireciably 
affected by the variation of the parameter Tf of the nuclear potential. 



c* in , anglo — > 

Fig. 2. 

----- Theoretical Ourve 

-- — — Expeninontal Chirvo ^ 

For lead we choose : F — 0, IF = — 28 Mev, a — 0.6 xlO”!^ cm and 
= 1.33X 10~!® cm. It is noticed (figure 3) that the positions of the minimum 
values of the cross section agree with the theory. 

It may be mentioned here that in all the above cases, in the positions of minima 
tho theoretical values drop to zero for the cross section whereas tho experimental 



Proton-Nucleus Scattering at 96 Mev 


181 


va<]ues are not as low as that. Since the Bom approximation is not strictly valid 
111 this energy region, the agreement between theoretical calculations and experi- 



c.m. angle— > 

Fig. 3. 

Theoretical curve 
Kxponmon la I Curve 


mental values is not expected to be very close. Wo xiropose to mprove the agroo- 
iiient by extending the calculations to higher energies and by modifying the 
potential. 
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Tlio itdiiiito sorioB occ.urriniJt iii ilie oxprosBion for f{0) can be Burnined up (c.f. 
Bromwich, 1947) aa aliown below. 
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Combining (a) and (b) we get 
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SOME STUDIES ON THE EFFECTS OF LIMITING IN A 
POSITION CONTROL SERVO CONTAINING BACKLASH 

A. K. MAHALANABIS 

Institute of Raoto PiiYsirs and Ediutiionioh, Caliutta 9 
{Rf^c&iwd foi ]mbh(/it9on, March :J0. 1050) 

ABSTRACT. EllecsI-H of Jiraifcing on tho liability of a second oi-der jjosdion control 
M'lA'omprhaniBin contaimnn liacklasli in iho outjml <‘OU|ilinf> luive beon Hlu»liod Two casoB 
liiivi' been coiiHidered, the sip;n»il bein^ limited i4, in llie tirsl iiiHe, lliemotoj* H]ieo(l, and 
in the second case Bm |- oBm, a benif? a con.s(an( Describing lunction molhoil was apiilied 
foi 1 lii'oi etical analyses and experimental htiidie.s wei-o made willi the hel]) ol a, simulator. 


1 I NT ROD II CT I ON 

All servo syatoins arc iii practioe nonlinear— the nonlii?earitieM arising from 
liinitatioiiR of the cliffereut^ eompononts. The most common ami important froms 
of uonliuearities eucoiniterod arise from (i) saturation or limiting of the response, 
(ii) (lead-zone, (in) haiiklash in different linkages and (iv) nonlinear load frictions, 
such as, static and coulomb frictions The individual offocts of these non- 
huearitios on the iierformanco of a servo system have been faii'ly widely studied. 
Results indicate that from the point of view of system stability backlash may 
h(‘ one of the most disquieting factors. 

Tustiii (1947) and Liversidge (1952) have made detailed studies of systems 
( ontaining backlash in output coujiliiigs and have suggested means for countering 
tiio adverse effects of bai'klash on system stability. Tn these studies presence of 
othei' nonlinearities wore not considered, i.e. the entire system was assumed to 
hcliave linearly except for the backlash element. As is well known such ideal 
conditions seldom occur in practice. It is therefore important to study the 
effects of simultaneous occurrence of more than one nonlinearity in the system. 
The present paper describes results of some preliminary studies made on the 
performance of a servomechanism effected by limiting and backlash in the output 
eoupling, with particular reference to the question of stability. A second order 
position control system has been considered. 

There is no readily applicable method of analysis suitable for systems with 
multiple nonlinearities. A modification of the describing function method 
(Johnson, 1952) has here been utilised for theoretical analysis aimed at qualita- 
tive results. The experimental part of the analysis involved studies with the 
help of an analog simulator. 


183 



m 


A, K. Mahalanahis 


2 TH^ BASIC SySl’EM 

Thehasic- syHteni under consideration is shown in figure 1 in the form of a block 
diagram. The output of the error detector is amplified by an amplifier of gain 
K'. Th(^ amplifier output is the control signal of the motor. The motor is assumed 



1. The basic system undor coiisid oration. 

to bo adequately representable by two time constants as indicated in figure 1, 
viz., T and oo, the latter being the iiitegi’ating one. The motor sliaft is coupled 
to the load shaft by means of a backlash element; 0^^, and 0^. are rospecdively 
the motor and load positions. The backlash characteristic assumed is shown 
in figure 2. The load inertia is neglected and it is also assumed that the load 
is sufficiently damped so as to prevent any overcoasting during reversals. 



Fig. 2. AflBiiraod blacklash chiiractoristic of the coupling gear. 

This system was studied in some details by Nichols (1953). Itdias been shown 
that the effect of backlash on system stability depends on the value of the ampli- 
fier gain IC, For small values of K' backlash merely deteriorates the relative 
stability of the system. If K' is larger than a certain critical value backlash 
produces absolute instability and causes the system to sustain oscillations of 
definite amplitude and frequency. We shall here extend the study of Nichols 
to examine the effects of hiniting which may be inherently present or may be 
introduced intentionally in the system of figure 1. 
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For convenience we shall assume that the motor time const-ants are separable. 
This assumption may appear to be somewhat impracticable but will be shown 
later to be justified on analytical grounds. Two different cases studied are shown 
ill figures 3(a) and 3(b). In case of figure 3(a) it is easily verified that the signal 



Fir. 3(a). Sohenuit-zf! diaguim ol tlio syatoin wj<li SimpJe velociiy limituig. 



Kig 3(l>)* Scliomatic diagi’nm of tlu' sysiwii willi volooity Ijiuiting 


which is limited is 0,n, whereas ni the case of figure 3(b) the corresponding signal 
IS where 0„i — and a is a constant. We shall refer to the case of 

figure 3(a) as simple velocity limiting and that of figure 3(b) as modified velo- 
city limiting. 

3. .S 1 M P J. E V E L O C 1 T Y L I M I T 1 N (.1 

The system is shown in figure 3(a). The limiter characteristic assumed is 
.shown in figure 4. The describing function of the limiter is given by (Johnson, 
1952) 



Fig. 4. Limitor oharaoteristic asBumed in figure 3(a). 
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If we coiiHidor a point Q on the —0^ locus corresponding to a definite input 
signal amplitude, it is possible to find a point P on the locus corresponding 
to the same signal amplitude, which is nearest to Q. Then 

OQ ^ 

QP . \d^lp 

where, from relation (C) is the maximum value of the ratio {0cl^i)> which 

IS analogous to the closed-loop frequency response peak {Mp) (Brown, 1966) 
of the linear theory. The value of {OolO^)p gives an estimate of the damping 
present in the s^^stem, larger value corresponding to lesser damping and vice 
versa. Also the frequency top corresponding to P gives an idea of the speed of 
response, larger values of oip corresponding to greater speed of response. 

It can be soon from figure 6 that if we move on to another point Q' corres- 
ponding t(j a signal amplitude larger than that at Q, the magnitude of this ratio 
decreases. That is, the system damping increases as the signal amplitude increases 
Also the frequency Wy, decreases with signal amplitude and so the system becomes 
more sluggish. 



Kiff. (). Cojnjjlcx plots of fr-i uiid — f/jij for the systom in figure ij(n) with K = 10 arid 
'r = 1 HOC. 


llecords of responses to step inputs of the system in figure 3(a) obtained 
with the help of the simulator are shciwn in figure 7. Here for convenience oi 
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comiiariaon, the magnitude of the input step was kept constant and the limiting 
amplitude in figure 3) was changed. The three curves correspond to values 

of = 1, 2.0 and 10.0. It is seen that as the extent of limiting increases the 

response becomes more and more sluggish corresponding to more damping and less 
speed of response. 



Kif? 7. 10x|)erimoiiinJ hU‘p ri»K()onBc‘s oj the Hyetom iii fiRtirp obtained wjiIj Mie 

simiiliitoi' foi BmiJOi = l.d (Top), — 2 0 (middle) and, — 10.0 (bottom). 

(b) Large amplifier gain : 

In this case the system has absolute instability and produces sustained 
i).scillation8. In the absence of any velocity limiting, amplitude and frequency 
of these ()8('-i nations are determined by the value of the amplifier gain K and 
the backlash width. We shall examine the effects of simple velocity limiting 
on the amplitude and frequency of these oscillations. For this purpose it is most 
uxjiedieut to make use of the gain-phase shift plots. Eqn. (7) is the starting 
relation. We plot 6r as a family of amplitude dependent loci on the gam-phase 
shilt diagram. The gain is expressed in db and phase shift in degrees. Plot of 
as an amphtude locus is also superposed on the same diagram. These 
I)lots are shown in figure 8 for an assumed value of 7’ = 1 and K == 10 for the 
system shown in figure 5(a). 

As is evident from Eqn. (7) sustained oscillations of amplitude 0,^^ (say) are 
possible only if for this value of signal amplitude Q = This condition, 

•f satisfied by the system, can be easily detected from the plots of figure 8. Thus 
HI figure 8 some of the O'-loci intersect with the locus. Sustained 

oscillations will be produced only if and when at the points of intersection the 
‘Huplitudo marked on one of these G-loci is equal to that marked on 
6 
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l<’iK. «. Gain-phase shil't jiloitt of G and Gjf~i lor IIk' m fi^uuo 3{a) with K - iO 

and 7' -- I hoo. 

This is then the amplitude of the resultant sustained oscillations. ' The 
frotpicncy of these oscillations is equal to the frequency marked on the relevant 
O'- locus at the i)oiut of intersection. 

Figure 8 predusts two sets of possible oscillations. It can be shown (Johnson, 
1952), however, that oscillations of lower amplitude and frequency correspond to 
an unstable limit-cycle and no sustained oscillations at this amplitude and fre- 
quency are possible. 

To see the effect of simple velocity limiting on the amplitude and frequency 
of oscillations let us assume first that there is no limiting. The amplitude 
dependence of C?-loci then vanishes and all the G'-loci converge to a single frequency- 
locus. Sustained oscillations are produced whenever this locus intersects with 
the locus. The amplitude of oscillations is that marked-on the 

locus at the point of intersection. Thus m absence of simple velocity limiting 
the amplitude of oscillation is solely determined by the backlash characteristic, 
l^esenco of simple velocity limiting transforms plots of 0 into a family of ampli- 
tude dependent loci and the amplitude of any sustained oscillations are now 
determined by both the limiter and the backlash characteristics. Suppose the 
limituig amplitude is sot to a certain value and oscillation of some amplitude 
and frequency is present. If the limiting amplitude is reduced the effective 
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system gain also reduces and from figure 6 it is evident that equilibrium oscilla- 
tions are now possible only at lower amplitudes. If the limiting amplitude is 
further reduced oscillation amplitudes also fall but oscillation never ceases, for 
in absence of oscillation the limiter does not reduce the gain. Thus oscillation 
amplitudes can be controlled to some extent by imposing simple velocity limiting 
but can not be stopped altogether. 

4. MODIFIED VELOCITY L 1 M I T N O 

The arrangement is shown in figure 3(b). The corresponding quasilinearized 
model is shovn in figure 6(b). The effects of the limiter in this case also can be 
studied under the two conditions, viz., small amplifier gain and large amplifier 
gain. In both the cases similar conclusions as in Sec. 3(a) and 3(b) are arrived at. 
In the second case, however, an additional remarkable result is obtained. 

Thus in the set up shown in figure 3(b) if a step signal is applied at the input 
the limiter characteristic becomes unsymmetrical as indicated in figure 11 This 
can be easily verified if we compute the transfer function between the points 
0i and B which shows a finite d.c. gain. Thus any step of amplitude 0i applied 
at the input will also be present at the input of the limiLer (assuming the d.c. gain 
between di and B to be unity which is true for 0i < L, L being the limiting ampli- 
tude, as shown in figure 11). This will cause the reference lines of the limiter 
characteristic to be shifted from the position shown by dotted lines to that shown 
by solid lines. As a result any sustained oscillations that may be present in the 
system will be subjected to this unsymmetrical characteristics. 

Relation (7) is still applicable but now 0 is dependent not only upon oscil- 
lation amplitude but also on the magnitude of any step signal applied at the 
input. The describuig function {Gj^') of the unsymmetrical limiter characteristic 
is derived in Appendix. This is plotted in figure 12 with the amjjlitude of step 
mpiit as a parameter. It is seen that for a fixed value of assumed sinusoidal 
signal amplitude the value of the describing function decreases as thejmagnitude 
of the step input is increased. 

The effect of input steps on the amplitude and frequency of sustained 
oscillation in the system of figure 3(b) can be determined by redrawing the 
curves of figure 8 for a number of assumed input step amplitudes. Thus if we 
first assume zero input step, we have the curves of figure 8 and the amplitude 
and frequency of oscillations are found out as outlined m Sec. 3(6). If the step 
input is increased to a finite value, the describing function gain for the oscillations 
ol amplitude determined above will be reduced and the f7-loous for this amplitude 
shifts towards right in figure 8. Thus new equilibrium oscillations will occur 
at lower amplitude and frequency. 

Results obtained with the help of the simulator are presented in fiugure 9 
ni the form of graphs. For convenience, results obtained by applying the 
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(lescril)iiipj function inothod as outlined in the foregoing paragraphs, are also 
shown in the figure. 



Fig 9 PIol/S of dimoiiHionlosB amplitude ((?«mi/ 8) anti friHpienry (rail. /pec.) of suBtaini'il 
osrillat.ioriH vs the ilimenHioiilosH li i* in]iut (eilL) for (Jie HyKtem ju figiiro 3(b), obl-ainoti willi 
i,lio holiJ of lliij Himulato]' // is the limiting amplifudo in absonu' of d i . lUTiut. 


It is seen ihal^ the discrepancy between oxperijnontal ajid theoretical results 
changes sign and then increases as the amiilitude of the input step increases. The 
increased discrepancies in the results for larger input stops are to be expected, for 
with increase of the input step amplitude the limiter characteristic becomes more 
unsymmetncal and the pertjontage of harmonics produced goes on increasing 
Further, oscillation amplitude falls off more rapidly with input stop amplitude 
than indicated by the describing function analysis. 

n, ON THE POSSIBILITY OF REALISING THE E P F E T S 
OF MODIFIED VELOCITY LIMITING 

In practice the most common method of limiting the velocity of a servo 
motor is to place a limiter ahead of it. This has the effect of limiting and cor- 
responds in effect to the case represented in figure 3(a). It has been shown that 
a desirable effect from the point of view of system stability can be achieved by 
incorporating a somewhat different scheme for limiting the motor speed. This 
case has been referred to as modified velocity limiting and is schematically repre- 
sented in figuro^3(b). 
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It will bo clear from Soo. 4 that the desirable effect of the modified volocsity 
limiting stems from the fact that m this case any d.c. input to the system makes 
tlio nonlinearity asymmetrical. The same effect is produced if the nonlinearity 
IS placed in the feedback path as shown in figure 10. It is then possible to achieve 
the effects of modified velocity limiting by the system of figure 10. 


Efim 

DETECTOR 


CONTROLLEn 
A MOTOR 


Coupling 



Fig 10 AllernaUs-t’ confignmliou for ji‘ulising tlio cIlociH of modifiail vclooily limiting 
hyNtora Pifalnlity. 


It JS to be noted that in figure 10 the two nonlineai'ities are no longer sepa- 
rated by low-pass units and the describing function method does not apply. 
Tliat IS why in the foregoing analyses the system of figure 3(b) was chosen instead 
of that of figure 10. 


(i. CONCLUSION 

It is evident from the abovo studies that effect of the presence of simple 
velocity limiting in a servomechanism containing backlash is to improve the 
relative stability of the system for larger signals. It is thus possible to reduce, 
lor large signals, the derogatory effects of backlash by inclusion of simple velocity 
imiitnig. Tills has however the severe drawback, viz., that this improvement 
iJi (lamping constant as a result of velocity limiting is associated with a coinpaia- 
tivcly large reduction in speed of response. 

It has also been found that simple velocity limiting has no stabilising effect 
on a system caused to have absolute instability in the sense that it can not stop 
oscillations but can be used to control the amplitude of oscillations present. 
A remarkable result is obtained in this case by introduction of modified velocity 
liniitiiig. It is seen that amplitude of oscillation is in this case dependent on 
magnitude of any d.c input signal, and that oscillation ceases entirely as the 
d.c. input signal amplitude increases above certain value. This result is of some 
importance because in practice inputs to servo systems are in most cases random 
time functions and signals of certain amplitudes are more likely to occur than, 
others. Since the oscillations due to backlash effect are essentially of small 
amplitudes superimposed on the comparatively large displacements due to signals 
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it is evident that it is possible to adjust the limiter characteristic in the case of 
modified velocity limiting so as to make any oscillation negligible. 
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APPENDIX 

Describing Function of the Unaymmetrical Limiter CJiaracteristics 

The limiter characteristie assumed is shown in figure 11. If L is the limiting 
amplitude for the symmetrical case as shoAvn in dotted lines in figure 11 and 
IS the value of the positive d.c. input to the limiter, the new limiting values are 
L—Oi and —{L-\-dj) on the positive and negative sides respectively. 



Fig. II. LTnByTQtnotrio.il chtiraotoriHiio of tho limitei* iii figure 3(b) resulting from d.o. 
injmt df. Dotl/od linos show the positions of the roforeiice bnoH ui ubHonco of iiny d.c. injiut. 



Fig. lid. Describing functions of tho uiisymmotiTcttl hmiter ol figure 10. ni — OiJLf 
be non-dimonsional d.c. input, Ba is the amplitude of assumed sin o wavo input to the 

iniitei . 




196 


A. K, Mahalanabis 


As usual we assume the input to be a sinusoidal function of the form 
6in = Oa sin (Jit. 

The output of the limiter is then defined by 
^^u/ = toi ; 0 ^ ^ sin“^ 

= L—0^ ; sin-^ ^ ^ tt— sin“i 

s 

r n 

~ da sin (Jit ; TT— sin -1 _ i ^ co« < tt. 

for the positive half period of 0 ^^ and 

^ovx — sin ; TT < < TT+sin-i 

= -(L+O^) ; TT+Hiii-' < <o« < 27r-siii-» 

Oa 

— 0a sin (Jit ; 27r— sin-1 — (^+^i) ^ ^ 27r, 

C'tf 

for the negative half period of 04 ^, 

By applying Fourier’s expansion to df,at >vo can find the value of the funda- 
mental components for the two halfs. This gives 

[sm +-^- oossm-i . J sm o)f 

+ [ sin- 1 

TT L 0 « 0 „ da J 

the describing fniKjtion 

.V, 1 , L-0. . j I- 0, 1 

4 sin --—1 4 cos sin - J - ij } 

= ^ I I sin-i"^ (1— 'ni)4^ (1— w) cos sin-i ^ (1— m)] “ 

nil 0« tfa c^a -I 

4 [ sin-i (14wi)+ ^ ( 1 +m) cos sin-i^ (I4w) ] | 

L Oa Ua Oa J J ' 

Avhore 

m = dJL. 

This is plotted in figure 12 as a function of (X/0a) with w as a parameter. 
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ELASTIC SCATTERING AND POLARIZATION OF 300 
MEV PROTONS 


ARUNDHATI GHOSH 

DeTAKTMENT of TuBOllElTCAli PuYfiirs, 

Indian AaaociATioN fob, the Cultivation op Soiknce, Jadavtub, Calcutta- 
{Received, March 30, 1960) 

ABSTRACT. Analyaia of ohiati^Hcattorinf; and polarizaii on of 300 Mov energy protons 
IS iiiudo in Born ajjproximaiion for Wooda-Saxoii lyjjo of nurleon -nuclear potentnil with 
,spiii-oibit coupling, 

it has been felt by Stornheimer (1955) and Bjorklund and others (1957) that 
to account for the polarization of elabticiilly scattered beam of protons in the high 
onergy region there should be a spin orbit coupling along with the central part of 
the nucleon-nuclear potential. In this paper we take the potential to be of the 
form : 

r = [rc«+iF„]p(r)+[F.,*+ir^,] ^ 


p(r) = 


1 

l+e"-"'/® 


B = 


The Born approximation analysis gives the matrix element for the central part 
of the potential as 


%M nn’^-iV nr f Bin KR cosli a Kn 

L K 1 E akn 


to nR 

anR COB KR ( — )”• e" 

sin h aKiT J J 


( 1 ) 


where X = ^ Bin 0/2 

n 

The matrix element of the spin-orbit part of the potential is given by 
</|Fs|i> = — (A)’ i cos 0/2 Bin ^ I . 

r aV sin KR cosh aKn _ anR cos KR _ ^ (—) ”• ^ ^ ] 

L sin ¥ aKn Binh aKn ^ (n^-\-K^a^f J 
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Here we have conaidered the iniial state a plane wave parallel to z axis with spin 
parallel to x axis. We are interested in the scattering in YZ plane. The differential 
scattering cross section d(r/da) is given by 

da __ 4:M^ r ahr^ sin KR cosh a Kn __ anR cos KR 
dci) fe* L sinh^ aiCn sin h aKn 

CD 

nit 

—2Ka^^ (■“)’^. e a . I ® 

frr J 


[{>->’•• (I) 


cos 612 sin 6 ^ 
n 






)■ 


cos f?/2 sm 0 ^ ... (3) 


The square well limit for the scattering cross section as given by Fermi (1954) 
is obtained by making a tend to zero. Of course Fermi has taken Vsi =0 and 
The intensity of polarization is as usual expressed by 


m 




From formula (3) we obtain 

J ( J) “ ‘=0“ I [T^c/ 

e(0) = 

This expression is independent of the diffusivity parameter a and thus, as expected, 
we find that the polarization depends only upon the magnitudes of the potentials 
and not on their radial shapes. So, for the polarization, no better agreement with 
experiment is obtained from the diffuse well shape than from the square well 
potential as shown by Fermi (1954) . For the scattering cross sectioiuve have taken 

average of dtr/dco which is given by ^ — = +/ The 

real part of the central potential will bo somewhat modified in forward scattering 
angles if the coulomb potential is taken into account. This we have neglected 
because in the 300 Mev region coulomb cross section drops off very rapidly with 
angle for the elements considered here. 
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Wo present here the result (figure 1) of our calculation of the differential aoat- 
( rjjig cross sections of 340 Mev protons scattered by lesid and 313 Mev protons 



^(PEGftEES) 

FifT. 1. Exact phaso-shift analysis (1957). 

- - • Born approximation analysis. 


floattered by carbon (figure 2) along with the results of exact phase shift analysis 
of Bjorklund, Blandford and Fernbach (1957). As regards parameters, we have 
chosen = 1.25X 10“^® cm, a ~ 0.65 X 10“^®, = 0 Mev, = 16 Mev, 

= 1.08 Mev, and V^j ==—2.28 Mev. For small angles the scattering cross 
section is not affected by the spin orbit coupling term which predominates as the 
scattering angle increases. At 30° angle of scattering the contribution of spin- 
orbit coupling term to the scattering cross section is 10 times greater than that 
of the central potential. The effect of increasing the magnitude of the spin-orbit 
coupling term is to raise the scattering cross section at larger angles. It 
appears from the figures that the calculations in Born approximation for 300 
Mev protons agree closely with those of the exact phase shift analysis. 
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J^ig. 2. £]xact phaeo shift LinalysiH (1957), 

- - - Born apiJroximation analysiB. 
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MAGNETIC STUDY OF IRON-CONTAINING 
GLASSES AT LOW TEMPERATURE 

BHUPATI KUMAR BANEUJBE* 
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(iJeceived, January 30, 1959) 

ABSTRACT. This paper deals with the low temperature magnetic property of several 
iron glasses. The value of the square of the magnotie moment of iron at diftbront tomporatures 
111 the liquid oxygen range has been determined. In almost nil cases this value is found to 
ilocrea.se with decreasing temperature. The variation of the moinenls woth temporatui’e is 
dependent on tho composition of the glaas. Thoso findings have been discussed Irom the 
point of view of the glass structure. 

INTRODUCTION 

In a previous paper by tho author (1959) on the magnetic study of iron glasses 
at room temperature, it was suggested that the electrovaleiit and covalent forms 
of iron can both exist simultaneously along with the collodiaJ oxides of ii'on in 
the same glass system. In the course of the invosiigalion on the magnetic pro- 
perty of iron glass at room temperature, the evidence for tho presence of ferro- 
magnetic component in any glass system has not been observed. It was however 
expected that similar studie.s at low temperature may yield more fruitful results. 

X P E K I M N N T A L 

Iron glasses of boric oxide, soda-bone oxide, i)otash-boric oxide, lithia-boric 
oxide and high lead-silica glass bases respectively wore selected for the present 
study. Details of the method of preparation and analysis arc given in the 
previous paper by the author (1959). 

In the case of low temperature measurement at any dosiiod tempera tm e in 
the liquid oxygon range, a cryostatic aiTangoment of the gas-flow typo originally 
designed by Bose (1947) and recently modified by Dutta Hoy (1955) was used. 
I'he cryostatic cliamber is cooled by the flow of cold air through it obliained by the 
evaporation of liquid oxygen at tho bottom of the chamber. Tho efficiency of 
cooling and tho steadiness of the temperature is ensured by packing the chamber 
with copper gauze which furnishes heat exchange in the system. An automatic 
relay system controlled by a constant volume air thermometer drives a suction 
pump and regulates the flow of cold air. 


* Present address : — Central Fuel Research Institute, P.O. — Jealgoia, Dhanbad. 
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The experimental glass specimens consisted of a number of samples of dif- 
ferent compositions prepared under neutral, reducing or oxidising conditions 
including one set of high potash content (KgO = 41.40%) potash-boric oxide 
glass prepared in both neutral and reduced conditions. The colour of the oxidised 
and neutral glasses were yellow, while that of the reduced glass was bluish green. 
The variation of the square of the effective moment value (p%//) of each specimen 
from room temperature to 100“ K is given in the Figure 1 , whore ordinate on the 



Temperature (in Degree Kelvin) . 
Fig. 1. 


O Soda-Bovir oxide (neutral) 
^■0:^0 9 -470%; Fe = 28 

A Soda-Boric oxido (reduced) 

^ No^O = 31-0%; Fo = ] -210% 

□ Potaah-Bonc oxido (neutral) 
K20 = 14 2 %;Fo = ] (173% 
pw Potaali-Boric oxide (neutral) 
^ KaO = 41 ' 40 / 0 : Fe = 1-221% 


PotaHh-Boric oxide (reduced) 

^ KaO - 41 -4%; Fe= 1 -221% 

^ Lithia-Boric oxido (neutral) 

® LiaO = 31 ■2%; Fo -= 0-25% 

Load Oxide-Potiish Silica (oxidiBod) 

★ PbO=60%; K20 = 10%; Fo = 0-78% 
_ Boric oxide 

• Fo = 0-2712% 


left represents the effective mean square moments in Bohr umts for alkali- 
boric oxide and lead oxide-potash silica glasses, while the ordinate on the right is 
for boric oxide glass; the abscissa represents the temperature on Kelvin 
scale. 

DISCUSSION 

From a critical analysis of the experimental results it is quite evident that 
though in most cases the room temperature values of lie in between the ferric 
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and ferrous ion values (with the exception of the boric oxide glass which has been 
dealt with separately later on), they decrease with decreasing temperature and 
even drop down below the ferrous ‘spin-only’ value. The comparative values 
f)f p%ff at several temperatures between 300"K and lOO'^K of each glass are shown 
111 the following table. 


TABLE I 


Description 

of 

CoinpoHition 
in weight 
percent 

Iron 

111 weight - 
percent 



P'<^eff values at 

glass 

300°if 

240"^r 

200 ^^^ 

IGO’^K 

100 °/f 

Soda-bone oxide 
(neutral) 

NaaO - 
9.476 

2.848 

27.00 

25 15 

23.76 

22.05 

20.65 

Soda-boric oxido 
(loducod) 

NanO -== 

31 0 

1.210 

31 45 

28 65 

26.40 

24.10 

22.00 

I’otash-boric oxide 
(neutral) 

K 2 O == 

14.2 

1 .673 

28.50 

27.40 

25 60 

23.00 

18.65 

Votash-boiic oxide 
(neutral) 

KiiO -- 

41 4 

1 221 

31.85 

31 86 

32.00 

31 40 

28.25 

Totash-boric oxido 
(loducod) 

II 

1 221 

27.39 

26 79 

25.21 

22.92 

10.84 

Liihia-borio oxide 
(neutral) 

LijO =- 

31.2 

0 2600 

33.00 

29 76 

27.58 

25 56 

21.12 


High lead-potash-Bilica K 2 O — 10.0) 

(oxidised) PbO = 60 OJ 0 780 3;j 36 30.78 28.42 26.85 23 43 


The deviation in each case from the standard Fo+® and F 0+2 (spin-only) value 
can bo readily observed if we consider the theoretical values of these two ions: 
for Fe'i “ = 35.04; p'** for Fe+“ (spin-only) = 24.01 in terms of the Bohr unit. 

For the sake of comijarison the data for two typical ionic salts of 

iron are quoted below : 


TABLE II 


FOa(S04)3, 

(NB 4 ) 2804 , 24 H 2 O 

FeSOi, (NH, 

4 ) 2804 , 6 H 2 O 

(Dutta-Ray®, 1955) 

(Boae<, 

1948) 

Temp.‘’i5: 

Phff 

Tomp.'TC 

Phff 

300.6 

36.08 

296.8 

28.49 

278 8 

36.06 

182.5 

28.67 

242 0 

36.07 

84.8 

27 . 13 

222.1 

35.06 



196.6 

34.84 



179 2 

34.81 



171.2 

34 74 



147.8 

34.83 



133.2 

34,92 



121.0 

36.00 



99.0 

34 91 
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It IB quite evident from the preceding data for the electrovalent iron 
compounds that the variation of the values with lowering temperature is 
small. In contrast with this the decreasing trend of the values at low tom- 
peraturcK in the case of glass spocimens is quite prominent. 

In the multicomponent paramagnetic carriers of iron glass the mean moment 
of iron ill the glass is due to the contrilmtion of the moment values of the several 
magnotio carriers. The effective moment value of iron in glass and its behaviour 
tf)wards low temperature will dejiend on the state of existence and proportion 
of the different f(»rins of iron which again are interrelated with the glass composi- 
tion, the method of preparatioji and working conditions, in the jircsent set of 
samples, the deviation from the straight line nature of the p^e//— T curves with 
respect to T axis at the low temperature region increases in the following 
order : 

K./)(41 .4)--B203(N), KA^l .4)-B.p3{R), K20(14.2)-B203(N), Na^O 

(9„475).--B.,0.j(N), Na20(31 .0)- BaO^t), Li20(31.2)- -B^OylN), PbO(riO.O)- 

K20(10.0)-Si02(0) 


Wher( 

(N) = Neutral glass 


(B.) — Beduced glass 

and 

(0) = Oxidised glass 


It is thus clear that there is no simple relation between the abnormally low 
values at low temperatures and those at room temperature of iron iiir the 
glass. For example, at room temperature the value of iron in high lead 
silica glass (p^^yy — 33.36) is greater than iron in high potash (p%yy = 31.86', 
4-1 .4%K20) boric oxide glass but deviation from the straight line relation of 
pV/ curve is much greater in high lead silica glass than in the above potash 


The decreasing trend of the p\ff values with the lowering of temperature may 
be due to the single or combined effects of the following factors : (1) the covalent 
nature of the linkage of some forms of liquid phase colouring iron complexes; 
(2) anomalous low temperature behaviour of some solid phase iron colouring 
centres, if there be any in the glassy matrix; and (3) a gradual change of the glass 
structure with the lowering of temperature, in which case a change in the distri- 
bution and nature of the electronic linkage in some forms of iron, particularly 
of the liquid phase colours, takes place. 

It is well known that the nature of the chemical bonding, valency, etc. of a 
paramagnetic substance is directly related to its paramagnetic moment value. 
Mention has been made by Guha (1951) of some compounds of iron where the 
moment value (p) of iron decreases considerably with the lowering of temperature, 
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o.g. K 3 Fe 3 (CN) 0 , FeSO^. VHgO (Guha, 1951), etc. The 5 )®^/ — T values of these 
substances are quoted in the following table 

TABLE III 


Temp.°iC 

KaFo(CN)o 

P^rff 

FeSO^, 

Tem]').°A' 

7H3O 

P-eff 

a04.9 

5 077 

303 . 1 

26 . 76 

254.9 

4.871 

241.9 

26,42 

226.0 

4.656 

186.3 

25.41 

]93.9 

4 546 

139.6 

24 58 

156.9 

4.216 

107.4 

2.3.60 

123.6 

H 962 

82.0 

22.90 

81.1 

3.631 




It IS quite evident from the above table that in KaFe(riN)Q (the c()valeiii. 

( oinpound) feiTic iron has a moment of 2.25 B.M. at room temperature, a little 
liiglier than the ‘spin only’ value for one unpaired olocti’on. Moroovei-, the 
moment square value of iron in that compound decreases to about 1.9 B.M. at 
81.1®K with the lowering of temperature. Similar is the case with FeS 04 . 
7 H 2 O (though to a smallei’ extent) where the room temperature value coiTcsponds 
satisfactorily to the ‘siiin only’ value with some orbital contribution for the Fe 
(ous) ion in the ionic compound, but the value deci eases with the decrease of tem- 
perature oven below the ‘spin only’ value. Thus from the oonsidoration of the above 
results of the covalent ferric compound and of the ionic ferrous salt, it is suggested 
that some of the paramagnetic carriers of iron glass may behave similarly towards 
low temperature, especially those (iron complexes) with covalent linkage. Again, 
the rate of decrease of the value with temperature is connected with the glass 
composition, for the rate of fall in lithia-boric oxide and high load-silica glasses is 
higher than in the potash -boric oxide glasses. 

Thus it is observed that the decrease with temperature of the p\ff value m 
almost all the glasses resembles very much the bohavicmr of Fo^® ion m the 
covalent compound of ferricyuide, but the moment scpiare values of iron at room 
temperature remain always very high, although somewhat lower than the ferric 
‘spin only’ value. The resultant behaviour of iron glass depends on the per- 
centage comjiosition of different forms of Fo+® and Fe+'‘’ in different stages of 
bonding. 

It has been stated before that some other factors, such as the low tomiuua- 
ture magnetic property of some solid phase colours, e.g. oxides of iron and low 
temperature glass structure are worth considering for the peculiar low tenij;oia- 
ture behaviour of iron glass. 

2 
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Among tho possible forms of solid phase oolours, the presence of a-FogOg 
and F03O4 has boon suggostod by Mooro and his coworkers (1949 and 1951). The 
al)souoe of any ferromagnetic component like Fe304 in tho glass is shown in 
tho previous paper by the author (1959). Consequently, if at all any ferromagnetic 
component is present, its particle size must bo lower than the magnetic domain 
size, in which case it can exhibit only strong paramagnetism with complicated 
depcndonco on temporature. The Mooro school of workers assigns susceptibility 
values — 39.4x 10““ for a-FegOg and = 424 x 10"® for Fe304 at 20°C 
[Abou-El-Azm (1954)]. Tho change in tho magnetic bohaviour of those oxides 
in a finely divided state of varying particle size with the lowering of toraporatiire 
promises to bo an interesting problem of study. In tho massive form, for 
a-FogOg is indoi)cndent of temperature and again the moment value of a-FogOg 
is related to the particle size [Ohovalher et al (1937)]. 



Temporatuio in degree Kelvjn 
Fig. 2. 

A Pure 0 -F 03 O 3 
B — > tt-Fe2O3+0.2 T 4 
C —> a-FojOa+O. 5 Tj 
D o-FeaOa+l.O 


However, in this connection it is important to refer here to the observation 
of Morin (1950) who found the mass susceptibility of a-FogOg abruptly falls down 
from 130x10"® to 19,0 X I0“® at below 240°K (figure 2). 

It is well known that the structure of glass is sejisitiye to temperature. It 
is not unlikely that at low temperature a modified structure of each glass may 
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also sot in with an altered atomic arrangement in glass structure, where the struc- 
ture of the liquid phase colours (which are part and parcel of the glass structure), 
also change. It is likely in the case of low tciuperatue glass Rtructure that the 
mean moment values of some of these covalent types of iron groupings are smaller 
than the corresponding room temperature mean moment values. Gonsequontly, 
lliere will be an overall de{!reasc in the moment value with decreasing temxjera- 
ture 

Thus a number of xorobable causes for the decreasing trend of moment value 
of iron with lowering of temperature, for each glass, have been discussed. The 
resultant effect may be due to one or more of the above causes. In the light of these 
reasonings tlie pccmliar low temiieratnre behaviour of iron glasses like lithia-boric 
oxide and high lead jiotash -silica glass (vide Table IT) can be aocoimtod for, jiarti- 
( i I larly for the anomalous low temperature behaviour of ‘solid phase’ paramagne- 
Ik* carriers, apart from t-ho relative decrease due to covalent iron groupings in 
UiosG iron glasses which are likely to be small from the consideration of their 
MjhisR composition. 

It is of interest to mention hero that there is au indiiiation of sharp fall in 
P\jf values of iron in all experimental samples around 240"‘K (figure 1). This 
licars a similarity with the low teraporatiirc behaviour of a-FeaQ^ (Morin, 11)50; 
figure 2). 

In conirast with the results on the borate and potash-load-silica glasses, the 
behaviour of the boric oxide-iron glass is interesting in the sense that (1) the 
moment value of iron in the boric oxide glass at room temperature is very low, 
much lower than the moment value of Fe(ou8) ‘spin only’ value and (2) the 
moment value of iron iucreascs very slightly with the lowering of temperature. 
The values of boric oxide glasses arc given in figure 1 

The low moment value of irou in the B2O3 glasses is due to the presence in 
laigc jwoportion of one or more forms ol iron with a small moment value, such as 
a-h'c.jOa or covalent Fe+® or Fe+® ion complexes, chances ol the presence of any 
loiiK! groupings of iron are very remote as is evident from the consideration of the 
above glass. In a corresponding iron glass system like B^Oa-'iSiOg with 80% 
Bn0.j there is no singly bonded oxygen ion and the solid phase colours like a-FcaOj 
iis the major phase (Abd-El-Moiioini Abou-El-Azm). It is likely that the small 
moment value of iron in the B^Oa system is due to the presence of a large jiropor- 
l\on of a-FeaOa. Gradual rise in the moment value of iron with the lowering 
of temperature may bo due to the single or cumulative effect of (i) the formation 
or increase in particle size of a form of iron with comparatively high moment 
value like paramagnetic FcaO^, though the overall content of such form will bo 
>^niall in the glass composition; or (ii) the gradual increase in size of the a-IejjOa 
ijarticle with the lowering of temperature which at the same time overrides the 
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negative effect of the temperature independent behaviour of a-FegOa- R. R. 
Ohevallier ajid Mathiou(1937) have shown that the moment value of a-PegOa 
increases with the size of particle. It will be interoating to mention here that the 
low temperature bohavioui* of PogOj “-BgOa samples bear a close similarity to a 
systom of a-FogOg contaminated with TiOg as impurity to the extent of 1.00% 
Ti of the total metal atoms present, studied by Morin (1950) where the transition 
at 240“K disappc irs totally and there is a tendency for the rise of mass suscepti- 
bility value of a-Fo.g 03 with the lowering of temperature. 
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SINGLET -► TRIPLET TRANSITION IN 
PARA-CHLOROTOLUENE 

J. K. ROY* 
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JaDAVPTJB, CAIiCIITTA 32 
{Ruevofdy March 20, 1 969) 

Plate IV 

ABSTRACT. The lunuiioHoenoe Byioctru excited in para-chlorot«>luone have been 
studied using inonoclu’omatic radiations of different wavelenglihs. It has boon observed that 
suoh a radiation of wavelength as large as 3760 A excites the luminescence bands. As tbo 
near ultraviolet absorption hand duo to singlet singlet* transition in this case is at 2700 
A it has been concluded that tbo observed luininesoence is yiroducod by absorption of the 
radiation due to the singlet —> triplet transition and that the selection rule is violated in this 
case owing to tfio particular type of substitution. 

T N T R 0 D U (1 T T O N 

It. was first observed by Sanyal (1963) while studying the "Raman spectra of 
orLho- and para-chlorotoluene at low temperatures, that either of these two subs- 
tances exhibits strong luminescence in the visible region in the solid state at 
— 1S()“C. Later, Biswas (1954, 1955a, 1956b) observed that many disubstiiu ted 
iicnzene compounds irradiated with 3650 A grouji of Hg lines at — 180°C give 
rise to similar luminescence in the visible region. It has also been observed 
(iSirkar and Biswas, 1956 and Biswas, 1956 a) that the intensity of this lumines- 
cence increases rapidly with lowering of temperature of the solidified mass and the 
relative intensities of the bands in the band system are altered considerably when 
the substance is dissolved in different solvents such as benzene, w-heptane, 
cyclohexane, methyl alcohol, etc. Using suitable light filters, Biswas (1956b) 
has also observed that the group of Hg lines at 365oA and other lines of shorter 
wavelengths up to 3000 A are responsible for the production of this luminescence. 
Tlio 0,0 band in the absorption spectrum due to solid ja-chlorotoluene at —ISO^C 
had been observed by Swamy (1952) to be at 2760A and therefore it was surprising 
that radiation of wavelengths much longer than 2760 A could excite the strong 
1 uminescence without absorbing light in the process of singlet- singlet* transition. 
The excitation of luminescence in ^-chlorotoluene by the 3650A group of Hg- 
lines indicates that the p-chlorotoluene molecule in the solid state at — ISO^C 
absorbs radiation of wavelengths as long as 3650 A. Such absorption could not 

* Communicated by Prof. S. C. Sirkar. 
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bo (loteot-ed by Biswas (uiipublished results). He, however, (Biswas 1958) observed 
that part of the iLimiiioseeiiee is produced by delayed emission. Biswas did not 
use monooliromatie radiation of different wavelengths to excite the luminescence. 

It was, therefore, not known whether any monoehromatic radiation of wavelength 
lojiger than i3650A could excite the luminescence. It was, therefore thought 
wcjrthwhilo to study the luminescence spectra of these substances using different 
monochromatic excjtiug radiatioiis in the region from 3500A— 4000A eliminating 
all radiations of shorter wavelengths in order to understand the process which 
gives rise to this luminescence. 

EXPERIMENTAL 

In order to get the monochromatic radiations of large intensity, light from 
a carbon arc running at 5 amps was focussed with the help of a large glass condenser 
on the entra.iico slit of a plane grating monochromator in vdiich a large schlieren 
conijave mirror was used both as a collimator and as the camera Ions. The glass 
condenser cut off all wavelengths below 3000A. Itadiations of different wave- 
lengths could be taken out from the exit slit of the monochromator by turning 
the plane grating about a vertical axis. The light coming out through the exit 
slit of the monochromator was allowed to irradiate the sample contained in a 
sealed tube of Pyrox glass. The tube was immersed in liquid oxygen in a Dewar 
vessel in order to lower the temperature of the substance. The scattered light 
at right angles to the incident beam was focussed on the slit of a Fuess glass spectro- 
graph having a dispersion of about llA/mm in the 4046A region and the spectrum 
was photographed on Ilford HP3 films. Such apoctrograins were taken using 
exciting radiations of wavelengths 3fi50A, 376()A and 3S()()A. Iron arc spectrum 
was superposed on eaidi spectrogram using Hartmann diaphragm for comparison. 

As the luminescence bands are broad, the widths of the slit of the spectro- 
graph was increased to about 0.7 mm to reduce the time of exposure Even with 
such a wide slit the time of exposure varied from 7 hours to 14 hours. The subs- 
tance was of pure quality and was distilled in vacuum to remove dissolved 
impurities. 

RESULTS AND DISCUSSION 

The throe spectrograms mentioned above are reproduced in Plate IV. The 
positions, approximate widths and the estimated relative intensities of the lumines- 
cence bands exhibited by pure p-chlorotoluene in the solid state at~180“C exeited 
by the 3650A and 3750A respectively are given in Table I. The relative inten- 
sities are indicated as very strong (vs), 8trong(B) etc. in the table. The radiation 
of wavelength 3800 A did not excite any luminescence. 

It will be seen from figure 1 (Plate IV) that the bands excited by 3fi5PA 
radiation photo graphed with an exposure of 7 hours is many times more intense 
than the bands due to 375oA although the exposure in the latter case is 11 hours. 
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PLATE IV 



f ig 1 . 1 iimincscence spectra ol /J-chlorotoluenc at - 1 80 C 
fa) Excited by 3650 A U. (b) Excited by 3750 A IJ (c) Excited by 3800 A U. 
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It is evident from these spectrograms that the radiation of wavelength as 
Jarge as 3760A excites the luminescence in this case, and therefore, the radiation 


TABLE I 

Luminescence spectra of ^J-chlorotolueiie at — 180‘'C 


Exciting 
wavelength 
m A.U. 

Wavolongths of l<ho 
bands in A.U. 
{present author) 

Wavelengths of the 
bunds in A.U 
(Hiswas, 1956a) 

Widt h of the 
band in A U. 
(present author) 

3650A 

4031 (S) 

4038 (.s) 

60 


4:210 (w) 

4219 (m) 

75 


432.5 (vs) 

4325 (vs) 

113 


4531 (s) 

4529 (s) 

80 


4(160 (v 0 ) 

4660 (vs) 

10.5 


_ 

4807 (vw) 




4900 (w) 



— 

B031 (vw) 


:i7r)0A 

4325 (b) 


91 


4531 (w) 


74 


4660 (b) 


89 

380oA 

No band 




iw iirst absorbed in the process of siiiglet-trijdet transition and then re-eniittod. 
As shown by Biswas (1958) part of the luminescence consists of phospliorescenco 
Mild therefore the triplet-singlot transition is responsible for the origin of this 
phoisphorcscence. 

As the intensity of luminescence is fairly large the initial absorption is also 
large 'J'he failure ni detecting this largo absorption in the region from 3600A 
— IlSUOA by Biswas is evidontiy due to the fact that the triplet state has a large 
lil'ci.ime and therefore once some molecules are excited they do not return to the 
Liji'oiind state for sometime and the incident radiation during this time is trans- 
mitted without any further absorption. 

Thti violation of the selection rule regarding the transition from the singlet 
1o triplet state in this particular case seems to bo due to the particular substi- 
tution m the benzene ring, because neither dichlorobonzenes nor xylenes exhibit 
such a strong luminescence in this region in the solid state at low temperatures. 
'I^lic violation of the selection lules in this case is thus definitely established by the 
icsults of the present investigation. 
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ABSTRACT. (1 ) Wo have extended Schwinger’s calculation on polarisation of neutrons 
iijilo l.ho rtticond Born approximation taking non -relativistic foim of the interaction of spin 
iii'lul n(iu])liTig. (2) Considering the corresponding invariant interaction of tho form Y/i yv 
\s(' hiiv'^o calculutod the expression for the polarisation of the scattered particles in first order 
ii'l.itivjstic Horn approximation. This lesult agrees with WoKonstoin’s oxiiression except 
loi tlie chaructonstic Coulomb jihaao factoi. (3) We have also made an attempt to calculate 
llin corresponding second order relativistic Born approximation. 

Moil. (1929) has showMi from Dirac’s electron theory that electrons are polarised 
ivl\cn they are scattered by a Conlonih field. A non-relativistic reduction of 
1 Iliac's theory shows that this polarisation is due to the spin orbit coupling in 
(Ion loin b field. Recently iScjliwingor (J948) has suggested a method for polarising 
ijcii Irons hy making use of the sjmi-orbit interaction of the magnetic moment of 
jieiilroii wii.h the Coulomb field of tho scattering nucleus. The spin-orbit 
iiil cTciclion of neutron moving in nuclear Coulomb field V is given by the following 
coiilnbutiou to neutron Hamiltonian 

ir = ii^,{efil2m^c^){(T ,cx^) 
w licF'c the electric field f. = — AF 

n lid n is the neutron magnetic, moment in units of (cfe/2w-c), a is the Pauli spin vector, 

— > 

iind y is the momentum of the neutron. Schwinger has made the non-relativistic 
calculations in tho first Born approximation, we have here extended his result 
t(i .second Born approximation. 

Later Wolfenstein (1949) has investigated the polarisation of proton scattered 
hv nuclear Coulomb field. He has introduced a term representing tho inter- 
iiilioii of the anomalous magnetic moment with the electromagnetic field of tho 
lJl^'^lrlant form proportional to Ffty y„ as first proposed by Pauli. 

Wolfenstein has given an approximate expression for the scattered wave 
ivliich is valid only when << 1 and = (Z/137)’® << 1 where Z is the 
(Ii-irge of target. He states that this expression can be obtained from Mott’s 
‘‘'vjiansion of tho solution of the second order equation arising from the Dirac’s 
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linear equation modified by the addition of the Pauli term. Wolfcnstein’s formula 
is identical with that obtained in first Born’s approximation taking the non-relati- 
viatic interaction term fi{efij2m^c^)(T. exp- 

In this paper we propose to set up an integral equation corresiionding to 
the modified Dirac’s equation. Iterating the integral equation only once the 
scattered wave obtained by this method agrees with that obtained by Wolfens- 
tein’s method except for the characteristic Coulomb phase factor. Next we have 
made an attempt to extend the calculation by iterating the above mentionerl 
integral equation twice whicli corresponds to second relativistic Born’s approxi- 
mation. 

b’irst wo give the iiou-relativistie calculation of the scattered wave duo to spin 
oibit iiiteraetion. We can write 

V' = ^0 + + ^3 + ”• (^) 

IS the incident wave I -r y whore y is the spin wave fuiudioii. ami 
1//2 are respectively the first and second Born’s apiiroximations of the scatteretl 
wave. The calculation of is due to iSchwinger and it is given by (taking fe = 1 
and c — 1). 


[ I ■ '' dV'] xiPr) 

_ iZe^/ i a-.p^XPi _ 

r ' m ' 

— > 

wliei e p^ and arc respcelively the momentum of initial and final states.- The 
expression for the second Born’s approximation of the scattered wave is given by 


X J c' ^ dh” xiPi) 


LJ f (o‘.p 2Xg)((r.g xy)i)d =>g . . 

r 277^ \ m I ] IPi—gl^lq—Pil^q^—ip^-^ia)) ^ 

= - 1 i f ■ g)(g • Pi X 

r 2n^ \ m j I I Ip^ — ql‘^lq — Pil^q^ — (p-^ + 


+ 1 


\pt 


{qp2){ Pi-9)-gHpi-Pi) > 

-gfW-p^W-{p‘ + ie)) 


Tho lettora oocuring in the acalar product, vector product and within modulus sign 
denote vector quantities.. Tho rest arc scalar quantities. 
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= p cr 7^- tan (9/2 In 8iii=> (9/2 - in tan <*/2 + in X(Vi) 

, e'J"- / r sin^Of i 

r"\ ml 8 \ 8iu®0/2 (!os'/9/2 

+ ( — "Tnin) ■-\i7a”l^+ ^TfTii ^/2 + \ 

\ 1508-0/2 008 ^ 0 / 2 / 8in0/2 ' ro8*0/2 ' J 


'/lug-,™*)] 


where P^XPj = np^ sin 0 

b\)r the case of electron the first Born’s approximation does not give any polari- 
sation effect since a dopendojit part is imaginary and cr independent j)art is real 
Here polarisation is in second Born’s approximation where jiart of the tr dependent 
icTiri is real. If we put /< — ^ real part of cr dependent lerm of the above 
calculation agrees with that obtained by Mott 

We now give the relativistic calculation for the Scattered wave due to the 
iiilevaetion of the anomalous magnetic moment of the scattered particle in the 
field of the target nucleus. The covariant form of modified Dirac’s equation in 
fhe case where the vector potential is zero is given by 

Mulidplying the above equation from the left by the operator a . 'p—y/^E—m we 
get 

(V®+j)2)(^^(yja.p-74£-m) |(•-7^cF+ 2^^(//./i)a.t)f| ... (6) 

Knowing the Green’s function of the above differential equation we obtain an 
integral equation the first approximation of which is the following : 

v/r — u{p^ 4- A— j e~'*^2 »''(74a p—y^E—m) | y^cF -h {pji)ae^ 

eipi r*%{p^ d^r' 
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Now, 

,.j,( evi.f' )= -»a.v( )= 

= “ • ■ yi+sio- . Pix^p,.,, ,g> 

(r4a.^>— 74£7— m) | | = ^ ( -y4a.;3i-l-y4i?— 

+ ^p„ru{p,) = 2^y4^/lX/ ... (7) 


~{y^iPL.p~y^E—m) |y4 ^ =— r-i ^ (—74^ 7^1—74^^^ -^7/(^3]) 

— f;rad-^^j e^Pj'»‘w.(p^) =2^ ^ c»i’i-»’7x(y)j^)— I'a.^ grad ^ J r«'Pi-»"7Y(^^) ... (8) 

Remembering t-he above relaiions we have 


7// _| 


i>}vfZe 

^Tir 


[ 2 ^ 


8^740-.jt)i X^2 I 




+ 


2-Ee.47r 

I Ih- Vi I* 



if , the incident beam is in the z direction we have 



^\Vz~PMTi) = a-(l>2“Pi) 



L_^\V2.-Vi)^‘Pi 



( 10 ) 


In determining polarisation we are interested in the large component of the spinor 
represented by x rewriting the expression for ^ in terms of the large 
component of the spinor we have 




eVi-^X(Pi) + Ze f cot ^/2 

T L 2m 
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e^vrze 


^ —iff . n ^ 


-|-_L ^ A- \ cot 012 + - 

2m ^ 2 E+ml ' ^ 2{E~\-m,) 


+ 


Ee 

2p^ sin* 0(2 


] XiPi) 


(11) 


The spin dependent amplitude of the scattered wave agrees with that obtained 
by Wolfenstein if we put E ^ m in our formula except for the I'haractoristic 
Coulomb phase factor. 

The contribution of anomalous magnetic moment to spin dependent part 
of the scattered wave is twice that due to the intrinsic spin of the nucleon. 

For the case of electron the above expression for the scattered Avavej’eduoes 
to that obtained by Mott and is given by 




fH' 0 


)]a’(Pi) 


(12) 


where we have put 

ff = ^ =■ i \ « ])oiug the azimuthal aiigh^. 

p* sin e \ {) I ^ ® 

Iterating twicje the integral equation corresponding to equation (5) the second 
Born approximation of the scattered wave is given by 


'Aa ~ 


47Tr 


( 


2rn 


\*_Lr[ ^ 

/ (2ff)* li 


I 




I i—iyA—yiE—m) 


^ ‘T e'ig- "t' \ dV 

J 

X I e-ifZ . I (~ iy ■ ^ — 74 ^ ■■■ (1^) 


_ 

We insert the unit matrix u{q)u{q) = £ '**r(9')'“'r(!/) = ^ after p/*y • whore spinor 

r-l 

u,.{qy& are the four solutions of the equation, (y . q—yiJS{q)-\-m) = 0. Hence 


^ Y.AJ f 87ry4(r . X (pa - g) 

^ 47rr \ 2m / (27r)®L J q^~{p^-\-iE) * Ipa — g|^ 




+ lirr 


d^g jMg) - 74 ^ - i47rg. (pa - q) ^ fry^ff .Px'XjPi-g) ) 

{p^-\-i€)' I ’ ba-g|® \g-Pi\^ ^ 


... ( 14 ) 
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Here the first part of the wave called agrees with equation ( 3 ) 

calculated in non-relativistic Born approximation. In the second part of 
called the integral involving E{q) is zero since E{q) will have both -|- ve and 
— ve signs. Then ^g" is given by 


J 32nHE f i”? — 

4nr \ 2m I (27 t)^ 3 g*— (i)®+»e 


g^—{p‘+ie) 

X g P 8 XPi+»°'-(yi (Pa ■ g)~9(P i ■ Pt)}- i<r ■ { Pig^- g(Pi -g)} p u{p,) 

|pj-g|» \ q - Pi \^ 

... (16) 

Expressing again ^g" in terms of the large component of spinor using the relation 
( 10 ) we have 


\g 1 ^ 27 t^E 

47rr \ 2m 


\2 1 f 

/ ( 27 r )3 m ] (g 2 _ 


d^q 


(pH »e')yiP2-g|*|g-Pil* 


X|>i*(Ps . g)-(Pi . g)(Pi . P2)-piV+(Pi • g)(Pi ■ g)-»<^ ■ (gXPi)(Pi . Pa) 

-i-»<T . (gxpi)(p, . g)]jf(Pi) 

_ / Ze^pt^ji \ 2 1 'i27T^Ep T tt* sin L ^ / 1 j_ 1 \ 

47 rr \ 2 m. / ( 27 r)^' E-\ m L 8 I \coh® 6>/2 coB*^?/ 2 / 


whWI 2 ' coB*^?/2/ 

{In sin 0(2 l'i 7 r/ 2 ) 


+ f2- 1 ) 

(iOB® 0/2 \ sin* 0/2 / 


0/2 


\ COS'* 012 cos ®^/2 / sin i 


012 ' 


- (c'<»oc.e/2-l) - -- 


cus^ 6^/2 


/ ZfiV/i \ a 1 

47 rr \ 2 m 


008^ 012 


In sina /?/ 2 l — I — 

2 J \ coB-^ 0j2 


7T sin l?/2 


327r^.^^? 
(27r)“ ' i^^+m. 


-h; 


' c () r 2 012 COB® 012 

sin 0 cos 0 




I 4 cos^ 012 


4 cos^ 012 


+ 


cos® 0/2 cos^ 0/2 sin 0/2 


i- '*?- 

. 2 sin 0 cos 0 

,/ 2 

+ _..l_ ) 

J 4 

1 

\ COB *0/2 

cos® 0/2 / 




(Zn sin 0/2 + i 7 r/ 2 ) 

f \ 

_ .,!!!lBin0(l 

— COS 0)^ — 

2i 

5 sin 0/2 J 

4 


cos* 0/2 


^ In sin 0/2 + * I j 
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cos*® <?/2 sin* d(2 c 08^2 0/2 ) sini/Tll ^ 

... (16) 

The amplitude of the scattered wave ia of the form 

plPT 

= %-/(%(?,) ... (17) 


We split up/(0) into (r-iiidependent and <t dependent components and write 

/(^) = + o- . nf^{0) ... (18) 

}^{0) accounts for the amplitude of the wave scattered by nuclear forces and other 
types of forces independent of spin term. 

The intciusity of scattered wave is given by 

rWnc , w = \!m H- \fm 1^ + n . ... (i9) 

whore ^ (y(T;y) 

Following the notation of Schwinger the vector P represents the polarisation 
state of the beam. For an initially unpolariscd beam for which — (;\; o- ;^) = 0, 
polarisation stale of scattered wave is given by 


P«c = ^ 




-- n P{0) 


... ( 20 ) 


The polarisation of the scattered beam can be observed by subjecting 
once scattered polarised beam to a second scattering process. It has been shown 
that the left hand and right hand asymmetry of double scatterings is 


„ ^ 1 + p(gi) + m) 

■■"1 - V(o^)P(ej, 


... (21 


Of the integrals occurring in the paper, the first two’ have been evaluated by 
]3alitz and the third one is straight forward, though tedious. Their values are 
as follow : 


1 


d^q 


-II, 


d^q dZ 


IjPa — (/ V — -Me) J J [|? — -PI* + ~ S'® -f^e) 


A.— > o 
= I 


f !®, — 


q^q 


?>2 - ? 1“ I 9 - Pi - 9* + »e) 


' - 9* + ie) J i 


9f 


dZ 


[19 - P|“ + aW - 9* + it) 


A-^ 0 



220 


8. Sarkar 


= + ^a) ^ { _ . 


eoB^ 612 


(cosec 0/2 — 1) — 


tiH 


4j?® cos* 0/2 


In sin® 0/2 + / j 


^ ri>2-9 


gr 9 . — f f ■ ‘**9 

I* I 9-/'iP J J r I y - P I ■» + - g‘ +»«) 


A“>o 


-I 


I® + P ® + - P + 


lAv 

lA/' 


X->0 

7r2'»i‘- 


” - g ((Pi 4- PaWPi Pa)® 4(Pi -Pa)r(Pi-Pa)8 + (^®- l)(Pi-~Pa)r(Pi-Pz)a| 

X { - / In + .^) 2_ _. 

l 2\ P'' / j)+A’+»A P* A(j) + P + »A)(j2— P-|-*A' 

tjpM-JPH^) I 1 _1 U 1 ., 

2P* I p - P + iV ■' > + P + iA/J J 

7r“«„ / 2^ , , JT sin _ tt \ 

■■2' r p c<w2 ii/2 8/2 p coB^ (?7'2 j 

- 4 {9<i+9>2),(I'i I i^'»).+(9'.-2’B)r(Px-P2).||[4,„,^;2+ ■ci^«y/2 ) 

«« sin 0/2 W2) + ,, ,4 -e/2 


+■' J, (Pi • P-MP.-P.)s2 [ [in sin 0/2 + f ) + 


sm2?y/2 COB® 0/2 

4 f- — ^ 4 -^- ^ 1 

\ cos® 0/2 cos^ 0/2 / sin 0/2 J 

where P = ^[(1 H- + (1 — so that P® = ^j®(cob® 0/2 + Z® sin® 0/2) 

and A® — A® H~ p® sin® 0/2 (1— Z®) 
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ABSTRACT. Force constants for iinliko molecular interactions for the systems 
11^— CH4, Ha — COa.Ha — N^, H.j — He, Nj — C3H4 for the Lonnard-Jonoa (12 : 6), model have 
been dotormmed by combining the data on mter-diffusion eoofhoient and viscosity of gas mix- 
tures. To test the appropriateness of the force constants thus determined, the available ox- 
])orimontal data have been compared with the values of the viscosity, mter-diffusion and 
thermal diffusion calculated by utilising these force constants and satisfactory agreement 
has boon obtained . From the available data it appears that the force constants, heroin deter- 
mined, give better agreomeni> than those obtained from the usual combination rules. 

INTRODUCTION 

Considerable amount of information has been obtained for the like molecular 
interactions on the Lennard- Jones (12 : 6) and the exp-six potentials from the 
experimental viscosity and second virial coefficient data. Some other properties 
such as, self-diffusion (Srivastava and Madan, 1962); thermal diffusion (Srivastava 
and Madan, 1963); thermal conductivity (Saxena, 1965a; Srivastava 1957a) 
have also been utilised. Unfortunately, information regarding the unlike mole- 
cular interactions has so far been very meagre. This is mainly due to the non- 
availability of suitable experimental data having sufficient accuracy and tempera- 
ture range. 

The most suitable property for determining unlike interactions is the inter- 
diffusion coefficient l)i 2 for, it depends, to a first approximation, only on the unlike 
jutcraotions. Usually the range of temperature for these measurements is small 
so that it is not possible in practice to determine accurately the unlike interactions 
solely from intor-diffusion data. This lead Srivastava and Madan (1953) to utilise 
the extensive thermal diffusion data for this purpose and the method has been 
subsequently employed by several workers (Saxena, 1965b; Srivastava and Sri- 
vastava, 1957; Srivastava 1957b). Recently several workers (Strehlow, 1963; 
Bunde, 1955c; Rumpel, 1955, Srivastava and Srivastava, 1959; Srivastava, 1959) 
have tried to extend the temperature range of measurement of and have 
utilised their data to determine unlike interactions on the Lennard- Jones (12 : 6) 
model. Srivastava and Srivastava (1969) have suggested a method in which 
the data on mter-diffusion coefficient and the viscosity of gas mixtures are 
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combined to determuio tlie force parameters for tlie unlike interactions. The 
arlvantage of this method is that it can be used even when the inter-diffusion coeffi- 
(dont 18 known at a single temperature provided it is sufficiently accurate. In 
this paper the accurate mter-diffusion data available in the literature have been 
combined with the data on viscosity of gas mixtures to determine unlike inter- 
actions on the Leonard- Jones (12 : 6) model. 

DETEKMINATJON OF THE PARAMETERS 
The Lonnard- J ones (12 -.6) potential may be written as 

... ( 1 ) 

w'hero 0(r) is the potential energy between two molecules separated by a distance 
r, (T is the value of r for which <p{r) = 0, e is the dejith of the potential well. Un- 
fortunately, the theory is not sufficiently develojied to give the unlike interaction 
parameters in terms of like ones and it is usual to employ some empirical combi- 
nation rules for this purpose. The set of rules, hitherto most successful, is the 
following : — 

0-12 = l/ 2 {cr,+(rj) ... ( 2 ) 

Ci2 = (ei.t2)i ... (3) 

llelations (2) and (II) are semi-em pineal and at best only apprtiximato; it is there- 
fore always desirable to determine and from the experimental data by 
Slidable methods. 

The (ioefficient of inter-diffusion of two gases 1 and 2 may bo written, to the 
first approximation, in the form 

wherii 7^13 is the mutual diffusion coefficient in cm^/soc, p the jireBBure in atmos- 
phere, is a reduced collision integral tabulated by Hirschfolder, Curtiss 

and Bird (1964), and -^2 molecular weights and T 

is the tomporaturc in °K. 

The viscosity of a binary gas mixture, to a first approximation is given 

i^y 

~ Vi V2 


where X, 
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5 ” \ I Jlf J 




+ 







+ 2a;ia;5 


[((ilf, + M^f] 

L\ i 


-^^2 I Vn \_i 
^ ^1 ’/a ' 




M 




:ci, rrg are the mole fractions, 7/^, t}^ are the viscosities and M^, the molecular 
weights of the components 1 and 2 respectively, is the viscosity of a liypotheti- 
(!al gas having the molecular weight is a function of the 

lolhsion integrals and is tomperatiire dependent. It lias been tabulated by 
Hirschfelder, Curtiss and Bird (lf)54). Solving Eq.(4) and ^5) to eliminate 0*12 
wo obtain. 




3 ^2 {M^ -h ifa)^ 
10^2^2 


IVmx \ 

1 3 

l^A 

\ ’/o ' 

■' 5 ^ 

\mj 




3 


V^Vl + 111 - Vm,x\ 


... ( 6 ) 


with 


'no '■ 


266.93 

0.002628 


2M^M^ 
MA M,, 


^12 

~T 


xio- 


Thus by knowing Djg, rjmix^ h ^2 same temperature T^'K, .4j2* may be 

determined. 


/f77fei3 Once the value C22/* is fixed, or^g ean bo dotermmed from Eq. (4). If 
data are available at several temperatures, the corresponding values of o-jg 
are determined and the mean taken. 


The force parameters cr^^, e^^jh obtained for the systems H2-CIJ4, H^-COa, 
lla-Na, H;y-Ho and N2-C2H4 have been recorded in table 1 In the table are also 
given for the sake of comparison the values calculated from the combination 
rules. It will be seen from Table I that the values of determined from the 
experimental data are always lower than those given by the. combination rule. 
This is to be expected as the combination rule given by Eqn. (2) is expected to 
hold for rigid spheres only. It may also be observed that except in the case of 
N.2~C2H4, the values obtained foi exg/fc are always higher than those obtained from 
the combination rule. " 
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TABLE I 


Force Parameterfl on the Lennard -Jones (12:6) Model 


•l 

Oas Pair 

From Di 2 and Vtnix From combination 
rules 

Rof. for 
data 

(Tja A 


0’i2 A 


Di2 


Ha— CH4 

3.346 

71.31 

3.425 

67.54 

(Boyd, 

1951) 

(Hirst'hfoldor, 

1949) 

H.— CO 2 

3 429 

83.37 

3.482 

79.64 



N,-C,H4 

3.883 

136.00 

3.957 

137.00 

» 

» 

Ha— Na 

3.283 

58.41 

3.326 

55.20 

(Bunde, 

1965) 

(Ittorbeek, 
et al, 1947) 

Ha— He 

2.747 

21.31 

2.772 

20 70 

(Rumpel, 
1 956) 

(Hirsohfeldor, 

1949) 


COMPARISON WITH EXPERIMENT 

Tn order to test the reliability of the force parameters thus dot/ermincd it is 
necessary to sec how far they reproduce the experimental data over a wide range 
of temperature. In table IT are shown the experimental and the calculated 
values of for the systems for which data are available at more than one 
temperature. values have also been calculated from the combination rules. 
It will bo seen from table IT, that the force parameters determined in the pre^nt 
paper rejiresent the experimental Ja-ta better than the combination rules, 
and this is very marked in the case of Hg-He. 

TABLE II 

Experimental and the calculated values of For T/a-Na and Hg-Hc 


Gas Pair 

T°K 

D ]2 in cm2/»ec. 


Expt. 

Calo. from 
force para- 
meters 
obtained 

Calc, from 
combinatiion 
rules 


298.2 

0.7386 

0.7714 

0.7603 

Ha— Na 

328.2 

0.9079 

0.9074 

0.8966' 


368.2 

1.062 

1.053 

1.010 


298.2 

1.650 

1.639 

1 665 

Ha— He 

328.2 

1.843 

1.805 

1.940 


358.2 

2.080 

2.092 

2.232 
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Jn table III are shown the experimental and the calculated values of the 
viscosity of gas mixtures, for different gas pairs. 

In table IV are shown the calculated and the experimental values of the thermal 
(liftusion factor kj, for the gas pairs for which data are available 

TABLE III 

Experiinontal and cahmlated values of X 10’ (in gm/cm.sec) 






iJinia-X 10^ 


Gas Pair 

T^K 

% ol liglitcir 

ICxpt. 

Calc, from 

Cnlc. from 



oonsiituent 


force jiara- 

combination 





mctoi’H 

obtained 

i’uIpb 



28.08 

1099 

1107 

1093 


293 

48.55 

1098 

1108 

1092 



60.22 

1086 

1092 

1081 



92.23 

965 

960 

944 



28 08 

1337 

1.139 

1330 



48.55 

1328 

1327 

1320 


373 

60 22 

1306 

1307 

1290 

H2~CH4 


92.23 

1132 

1130 

1121 


28.08 

1602 

1601 

1591 



48.55 

1587 

1574 

1576 


473 

60 22 

1551 

1551 

1.640 



02.23 

1338 

1339 

1321 



28.08 

1718 

1723 

1705 



48 55 

1699 

1695 

1683 


623 

00 22 

1662 

1663 

1660 



92.23 

1423 

1413 

1411 



19.93 

1601 

1604 

1502 


300 

41.29 

1606 

1510 

1512 



78.50 

1370 

1372 

1374 



19.93 

1945 

1963 

1 945 


400 

41.29 

1933 

1938 

1936 

H 2 — CO 2 


78 50. 

1713 

1721 

1718 


19.93 

2358 

2350 

2346 


500 

41.29 

2321 

2318 

2307 



78.50 

2026 

2023 

2011 



19 93 

2542 

2549 

2i)28 


560 

41.29 

2506 

2615 

2481 



78.50 

2173 

2175 

2160 
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TABLE III (contd.) 






'"Innx X 19'^ 


Gas Pair 

TOR 

% of lighter 

Expt. 

Calc, from 

Calc, from 



constituent 


force para- 

combination 





meters 

obtained 

rules 



84.0 

1251 

1254 

1250 



55.9 

1560 

1663 

1.567 

Ha— Na 

291.1 

38 0 

1660 

1661 

1606 



24.1 

1677 

1675 

1679 



13 4 

1742 

1745 

1762 



66 20 

1317 

1319 

1322 


293 

00.69 

1252 

1258 

1265 



09.18 

IJOO 

1172 

1170 



66 20 

1561 

1550 

1660 


373 

60.69 

1478 

1481 

1486 

Ha— Ho 


69 18 

1383 

1379 

1388 


55 20 

1817 

1818 

1793 


473 

00 09 

1728 

1737 

1714 



69.18 

1619 

1617 

1598 



55 20 

1939 

1942 

1895 


523 

00.69 

1852 

1857 

1819 



69.18 

1732 

1735 

1694 



23.79 

1169 

1174 

1172 


300 

43.05 

1308 

1312 

1302 



75 95 

1574 

1576 

1573 



23.79 

1491 

1490 

1490 


400 

43.05 

1655 

1058 

1651 

Na— C.H# 


75.95 

1950 

1954 

1950 


23,79 

1780 

1788 

1778 


500 

43.05 

1963 

1974 

1962 



76.95 

2292 

2297 

2285 



23.79 

1921 

1927 

1908 


650 

43.05 

2108 

2117 

2092 



75 96 

2453 

2469 

2439 


A glance at the Table TTI hIiowh that the agreemejit between the experimenttal 
and the calculated values of is very satisfactory. In general the same 
degree of agreement is obtained with the force parameters determined in the 
paper and with those determined from combination rules. But at least in some 
cases the former gives better agreement. 
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Agreement in the case of thermal diffusion factor is only approximate. 
However, generally the agreement is better than that obtained with the usual 
(oinbi nation rules. A part of the disagreement betv'oen the experimental and 
i,lnj calculated values of may be attributed to comparatively large inaccuracy 
m the experimental determination of kj,. 

TABLE IV 

Experimental and calculated values of thermal diffusion factoi* kj, 


Cas Pair 

% of lighter 
const ituont 

T°K 

I'q 

Expt. 

[. X 102 

Calc, from 
force para- 
inotors 
obtained 

Calc from 
combination 
rules 

Ref. for 
data 



300 

6.89 

8 13 

8,39 (Bastick al, 

Ha-^COa 

63 





1939) 



370 

R.99 

8 89 

9 60 



29.4 


3.95 

4.07 

3.97 



42.0 

U3 

6.21 

6.23 

6.01 



77.6 


4.84 

4 92 

4.44 


TT KT.. 













- ^xnuo Pit di/f 


29 4 


5 48 

6 74 

6 90 

1926) 


42.0 

264 

7 49 

7.39 

7.37 



77 6 


6 63 

7.04 

6.36 



HI 

358 

1.79 

2 0.6 

2.31 (Murphey, 1947) 


60 


4.81 

3 94 

3.74 



60 


4.42 

3.88 

3.66 


H,-He 

70 

330 

3 60 

3.38 

3 08 

(Heath, 1941 


80 


2 84 

2 62 

2.31 



90 


1.32 

1.44 

1.29 



ACKNOWLEDGMENTS 

The author is grateful to Prof. B. N. Srivastava, D.Sc., F.N.I., for suggesting 
the problem and for his valuable guidance throughout the progress of the work. 

REFERENCES 

Bastick, R. E., Heath, H- R- and Ibbs, T. L., 19.39, Proc. Roy. Soc. {Lond), A178, 643. 
Boyd, C. A. e^ al., 1951, J. GJiem. Phya. 19, 648. 

Bunde, R. E., 1955, Univ. of Wisconsin, CM-850, 8 Aug. 



228 


A. K, Barm 


Heath, H. n., Ibha T. L. and Wild, N. E., 1941, Proc. Roy. Soc. (Land), A178, 380, 
Hirachfeldor, J.O., Bird' R. B. and Spotz, E. L., 1949, Chem Rev. 44, 206. 

Hii’BChfoldor, J. 0., CuriiHH, C. F. and Bird, R. B., 1954, Molecular Theory of GaBOH and 
LiquidK, John Wiley & Sons, Inc,, Now York. 

Ibbs, T, L , Grew, K. E. and Hirst, A. A., 1926, Pron. Roy. Soc. {Lond), A41, 456, 
Itlnrbnok, A. van, Paomol, 0. van, Liordo, Miss I. Van, 1947, Physiva 13, 38. 
Murpboy, B. P., 1947, Phys. Rev. 72, 834. 

Rumpel, W. F., 1955, Univ. of Wisconsin, CM — 851, 1 Aug. 

Saxona, S. C., 1055a, Ind, J. Phys.t 29, 587. 

Saxona, S. C., 195511, Ind. J. Phya., 29, 131. 

Srivastava, B. N. and Madan, M, P., 1952, Pfvd. Mag. 63, 908. 

Srivast-ava, B. N. and Madan M. P., 1953, J. Chem. Phya., 21, 807. 

Snvafliavn, B. N, and Srivasiava, K. P., 1957, Phyaica, 23, 103. 
tSnvastava, B. N and Snvastava, K. P., 1969, J. Chem. Phya., (in press) 
Srivastuva, K. P., 1957ft, Ind. J. Phya., 81, 404. 

Snvastftvft, K. P., 1957b, J. Chem. Phya., 26, 579. 
iSnvastuva, K. P., 1959, Physical (in press) 

Strohlow, R. A., 1953, .7. Chm. Phya., 21, 2101. 



30 
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ABSTRACT. The inter-dififuaion coefficients for the throe gas pairs Ho-Ne, He-Kr 
ami Ne-Xe have been dotej-mined at 0“, 15°, 30® and 46®C. The diffusion takes place between 
two bulbs sejiaratod by a precision capillary tube. Samples of the gas are withdrawn from one 
bull) at difOwent intervals of time and analysed by a differential conductivity analyser. These 
i'X)tcnmontally determined diffusion coefficients have been utilised for calculating tho unlike 
potential parameters and o-j^ on the Lennard- Jones (12 : 6) model and compared with the 
values determined from the usual combination rules. The agreement is found to be satisfac* 
toiy. 'fhe experimentally determined values of Sia and cigreproduce the experimental data 
on mter-diffuaion quite satisfactorily. By utilising Kelvin’s method, self-diffusion coeffi- 
cients have been calculated from inter-diffusion coefficient data and the results have been 
coraparod with tho exporimontal data when they are available. 


INTRODUCTION 

l^ho ihfluenco of inlermoleoular forces on gaseous transport properties has 
long been recognised and a great deal of information concerning like molecular 
niieraciions has been obtained from the determinations of the coefficient of 
viscosity of pure gases as a function of temperature, but corresponding information 
oil forces between unlike molecules obtained directly from measurements on 
gaseous mixtures is very meagre. The most suitable transport property for study- 
ing unlike molecular interactions is inter-diffusion coefficient, for it depends in the 
lirsl approximation only on the force fields of the unlike diffusing molecules 
and is independent of the like interactions. Thus and CTja can best bo deter- 
mined from tho experimental data on inter-diffusiou but unfortunately little 
work has been done so far in this field. Further, the available data are usually 
confined to one or two temperatures only and hence no reliable information can 
be obtained from them. Recently, Srivastava and Srivastava (1969) and Srivas- 
tava (1969) have determined the coefficients of inter-diffusion for the gas pairs 
Nc-A, Ne-Kr, A-Kr and A-He, A-Xe, He-Xe. In the present investigation 
tlic inter -diffusion coefficients for the gas pairs He-Ne, He-Kr, Ne-Xe at 0°, 
15”, 30° and 4:5°C, have been measured. 
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APPARATUS 

The diffusion apparatus consists of two bulbs connected by a speoially 
designed brass capillary tube and stop-cock. The bulbs are immersed in a thermo- 
static bath'’whicli is maintained at temperatures 0°, 15°, 30°, and 45°C to -j- 
0.01°C. A detailed account of the diffusion appratus used has been given by 
Srivastava and Srivastava (1969). 

For analysing the gas mixture a differential conductivity analyser essentially 
similar to the one employed by Grow (1954) was designed and constructed as 
shown in figure 1. A precision conductivity cell of stainless steel of the typo 
described by Srivastava and Saxena (1957) is constructed with a platinum wire 
0.075 mm. in diameter mounted axially and insulated at one end with Perspex 
cap, A compression unit capable of compressing the gas upto twenty times, toge- 
ther with a sensitive manometer, is permanently sealed to the above cell by cold 
setting Araldito adhesive. Two such units form the two arms of a Wheatstone 
bridge, one of the cells containing a suitable standard gas (heavier) while the other 
a sample of the gas to be analysed. Two fixed manganin resistors of S.W.G. 



Fig. I 
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20 of about 3 ohms resistance forming the other two arms of the bridge are 
mounted close to the conductivity cells. 

It was observed that at a pressure of G cm of Hg or more, the wire resistance 
IS insensitive to the change of pressure and therefore all the samples were com- 
pressed to 6 cm. of Hg, and this was kept the same for calibration and also for 
analysis. For greater accuracy and stability the conductivity analyser as well 
MS the two resistances in the other arms of the bridge circuit are immersed in an 
oil thermostat controlled at ± 0.05°C by efficient stirring in conjunction 
with a spiral type mercury-ether thermal regulator and electronic relay. The 
{inalysor takes only 0.3 cc. of gas at N.T.P. for analysis and therefore the pressure 
of the gas in the two diffusion bulbs is not disturbed. 

The two conductivity cells, each of about 1.3 ohms resistance and the two 
fixed resistors are placed close to each other in the same thermostat to obtain 
steady and reproducible conditions. A variable resistaiKiC of W. Gr. Pye (accurate 
to 0.02%) adjustable to O.Ol ohm resistance is placed in parallell to one of the 
fixed resistors and serves to balance the bridge. The bridge is fed by a constant 
current of about 0.3 ampere from a high capacity battery with a standard resis- 
tance and fine rheostat included in the circuit, the rheostat being adjusted to keep 
the e m.f. across the standard resistance constant as read on a vernier potentio- 
meter reading upto 1//V with an aceuracy of dr 0 004%. The value of the parallel 



Fig. 2 
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resistance is adjusted to be about 600 ohms when botli the colls of the analyser 
are filled with the heavier gas at the same pressure. When a mixture of unknown 
composition is introduced in one of the cells, the bridge balance is disturbed and 
the parallel resistance is carefully adjusted to restore the balance as read on a 
voltage sensitive galvanometer (Oat. No. 7940) of W. G. Pye, 

For each gas mixture values of the parallel resistance required to balance 
the bridge for different comi)osition8 of the gas mixture arc observed and a cali- 
bration curve plotted (figure 2) giving the composition of the mixture for any 
value of the parallel resistance. Considering the accuracy of the electrical cir- 
cuit and the error involved in making a mixture of known composition it is 
believed that the error in the composition of the mixture as determined from 
the calibration curve is about ± 0.06% 

EXPERIMENTAL PROCEDURE 

The dimensions of the diffusion capillary are first determined and then it 
is fitted vacuum tight to the two diffusion bulbs. The two bulbs are then evacuated 
to. about I0“®mrn. of Hg. by a two stage rotary pump. The heavier gas is first 
allowed to fill both the diffusion bulbs at the desired pressure which is read on 
a manometer with help of a cathotometer. One of the gas filled bulbs is cut 
off from the vacuum circuit by operating the stop-cock connecting the two bulbs 
and then the other bulb is evacuated. The other gas is then filled in the evacuated 
bulb and the pressure adjusted to bo the same in both the bulbs. After allowing 
sufficient time to the bulbs to attain the temperature of the bath, diffusion is 
sta-rted by opening the stop-cock connecting the two bulbs. Samples of thg gas 
are drawn through the capillary leak at suitable intervals. The analyser is highly 
evacuated by an oil diffusion pump and the order of vacuum attained is road on 
a Piram gauge. Gas from one of the diffusion bulbs is allowed to leak into the 
analyser for one minute and then compressed to the desired pressure and the value 
of the resistance required to balance the bridge is determined. The middle of 
the interval of one minute is taken as the time at which the composition is deter- 
mined. 


THEORY AND J^'ORMULAE 

The theory of this method has been fully discussed by Ney and Armistead 
(1947) who showed that the relaxation time 1/a of the system defined by the rela- 
tion — 

^^y=exp(-aO ... (1) 

is given by 



233 


Temperature Dependence of Inter-Diffusion, etc. 

where 0^°, and are respectively the concentrations of the heavier gas ini- 
tially, at time ‘t’ seconds, and after complete mixing, Fj and are the voliimes of 
the two bulbs in cc. and F„ = F 1 -I-F 2 Dp is the coefficient of diffusion in 
cm^/sec at the pressure of p cm. of mercury. A and I are respectively the effective 
cross- sectional area and effective length of the diffusion path. 

A graph connecting log^ and t is plotted which gives a straight 

line the slope of which determines -a. This is substituted in Eq. (2) to give 
Dp at the pressure p of the gas. In the actual experiment the diffusion path 
consists of several sectors of varying IjA, the volume of the diffusion path being 
negligible as compared to the volume of the diffusion bulbs. Eq. (2) is then written 


whore Aj and refer to the various sectors of the diffusion path. 

EXPERIMENTAL RESULTS 

The gases used in the present investigation were supiilied by the British 
Oxygen Co., England; helium was quoted as siiectrooopioally xiure while krypton 
and xenon contained some traces of impurities. 

TABLE I 

Observed concentration of the heavier components at different times 
for He-Ne, He~Kr, Ne-Xo at 0°C for all gas pairs — 0.373 


Gas Pair 

Time m 
mins 

Resistance 
in ohms 

Cl ' 

log.o 


0 


1.0 

1.7913 


20 

320.0 

0.820 

.6600 

Ho-No 

34 

281.5 

0.721 

.6422 


56 

260 3 

0 612 

.3787 


90 

231.6 

0.499 

.1000 


0 


1.0 

.7973 


23 

162,0 

0.870 

.6964 

Ho-Kr 

60 

113.4 

0.745 

.6700 


82 

87.8 

0.636 

.4200 


118 

76.0 

0.559 

.2701 


0 


1.0 

.7973 


50 

152.0 

0.893 

.7160 

Ne-Xe 

80 

113.4 

0.839 

.6680 


120 

87.8 

0.771 

.6001 


160 

76.0 

0.721 

.6420 
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After a careful flusliinf^ of tlio leak tubes, the gas from one of the diffusion 
bulbs was allowed to leak into the analysis cell of the differential conductivity 
.analyser. This was done at four different intervals of time and the gas was ana* 
lysed to give 0/. Tables 1-IV show the observations for all gas pairs at 0°, 16°, 
30° and 45°C. Log^,, [Cjt-C versus t were plotted and found to be straight 
lines whose slope determined a. is calculated from the initial concentrations 
of the two bulbs and later on (dieckod experimentally by determining the con- 
centration after a time interval greater than several multiples of the relaxation 
time, 


TABLE II 

Observed concentration of the heavier components at different times 
for He-Ne, Hc-Kr, Ne-Xe at 15°C. For all gas pairs C'i°° = 0.373 


Gas Fair 

Time in. 
mine 

Tleeieianco 
in ohme 

Ci< 

logio 

(Cd-CiOO) 


0 


1 0 

1.7973 


20 

311 0 

0.7fM) 

.6205 

Ho-No 

30 

280.3 

0.720 

.5400 


45 

252 4 

0.625 

.4005 


70 

235.3 

0.525 

.1810 


0 


1.0 

.7973 


18 

102 0 

0.863 

. 6900 

Ho-Kr 

50 

70.0 

0.697 

.5100 


70 

64. 3 

0.621 

.3950 


106 

60.0 

0.527 

.1883 


0 


1.0 

.7973 


40 

157.0 

0.898 

.7204 

Ne-Xe 

80 

90.3 

0.808 

.6381 


120 

78.8 

0.734 

.5580 


160 

68.0 

0,675 

.4804 


The quantity D/a which is a constant independent of the mixture used is deter- 
mined previously from the measured geometric constants of the apparatus with 
the help of Eq. (3). Thus knowing a, the value of Dp for the gas pair is 
determined at the pressure of the gas. It is then converted into the diffusion 
coefficient at atmospheric pressure by the relation 


J^alm — 


( 4 ) 
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where p is the pressure of the gas in mm, of Hg. The experimental values of 
Di 2 thus obtained are collected in table V for all the gas pairs, the last oolunin 

TABLE III 

Observed concentration of the heavier components at different times 
for He-No, He-Kr, Ne^Xe at 30“C. For all gas pairs Ci^ = 0.373 


Gas Pair 

Time in 
xntns 

Resistance 
in olima 

G/ 

(Cj‘-C,*) 


0 


1.0 

1.7973 


15 

330.5 

0.832 

.6620 

He-Ne 

24 

284.0 

0.730 

.6531 


41 

260.6 

0.616 

.3857 


61 

235.2 

0.628 

.1900 


0 


1.0 

.7973 


20 

95.6 

0.841 

.6701 

IIo-Kr 

46 

60.8 

0.689 

.6003 


71 

63.0 

0.682 

.3430 


113 

68.8 

0 491 

.0701 


0 


1.0 

. 7973 


38 

95.6 

0.886 

.7100 

Nu'Xo 

90 

69.8 

0.771 

. 6002 


135 

63.0 

0.682 

.4000 


168 

58.8 

0.636 

.4203 


giving the value of Dig atmospherii! i)res8urc. The various sources of error 
111 this method have been fully discussed by Ney and Armistead (1941) and 
Sri vastava and Srivastava (1959). The values of D 12 obtained in the present 
jjapcr are believed to be accurate to within 1%. 

DETERMINATION OF FORCE CONSTANTS 

Srivastava and Srivastava (1959), Bunde (1958) and Strohlow (1953) have 
discussed the various methods employed for determining force constants from the 
diffusion data. These methods are : (1) The ratio method, (2) the translational 
method of Keesom (1912) and Lemiard-Jones (1924), (3) the intersection method 
of Buckingham (1938), (4) Combination method utilising binary viscosity or conduc- 
tivity m addition. Srivastava and Srivastava (1959) have discussed the limita- 
tions and difficulties of methods (1) and (2). These fail to give any suitable force 
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TABLE IV 

Observed concentration of the heavier components at diflferent times 
for He-Ne, He-Kr, Ne-Xe at 45°C. For all gas pairs Ci* =0.373 


Gas Pair 

Time in 

Hoaistanno 

Ci< 

logio 


mins 

in ohma 



0 


1.0 

1.7973 


20 

274.2 

0.704 

. 5203 

Ho-No 

40 

239.1 

0.652 

.2510 


60 

228.0 

0.470 

2.9851 


0 


1.0 

1.7973 


21 

94.8 

0.84 

.6702 

Hcj-Kr 

42 

72.2 

0.724 

.5449 


58 

66.6 

0.665 

. 4498 


85 

62.0 

0.668 

.2903 


0 


1.0 

.7973 


36 

135.5 

0.874 

. 7000 

No-Xo 

8H 

84.0 

0.768 

.5850 


126 

69.1 

0.682 

.4902 


176 

69.7 

0.607 

.3703 



TABLE V 



Observed 

values 

of the Diffusion Coefficient. 

Gab Pair 

Tornp "K 

Proaaure 
(mm.of llg.) 

(cm^i/aec) 

(om“/BOr!) 


273 

89.26 

7.716 

0.906 


288 

84.84 

8.833 

0.986 

lie-Ne 

303 

82.02 

9 . 868 

1.066 


318 

71.16 

12 37 

1.168 


273 

92.64 

4.661 

0.556 


288 

79.98 

5.749 

0 606_ 

He-Kr 

303 

77.56 

6.458 

0.659 


318 

80.32 

6.127 

0.720 


273 

85.08 

1.662 

0.186 


288 

78.32 

1.960 

0.202 

Ne-Xe 

303 

78.64 

2.139 

0.221 


318 

74.58 

2.481 

0.244 
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constants in the present ease, Methods (3) and (4) have been carried out quite 
successfully and are given below: 

Method 3. The method can yield the force constants even if the experimental 
(lata arc limited to only two temperatures, not far apart, provided the data are 
Iiighly accurate. The diffusion equation is solved for the collision diameter 

as 


uhere mutual diffusion coefficient in em^/sec;, p is the pressure in atmos- 

plicrcK, rrj 2 ni Angstroms, and ^ reduced collision integral tabulated 

by Hirschfoldcr, Curtiss and Bird (1954). The higher ajiproximatioii term coming 
ilirough the factor is always close to unity and has therefore been neglected. 

Tor arbitrarily selected values of Cjg a series of mutually consistent values of 
and fTia are determined from Eqn.(5) and a graph plotted with as abscissa and 
fr ^2 0'S ordinate. Such a graph is drawn for each experimental value of Z)i 2 
best Anxlue of the intersection point fixes up e^g and o-jg In practice it is diffiult 
lo obtain one unique point of inteisection for all the curves due inherently to the 
fact that the il^g data are not very accurate. Different mtorscctioii points yield 
a range of values of ftig and (jjg and these are averaged to give a mean value. 
The values are collected in Table VI column 3. 

Method 4. The diffusion equation and the expression for the binary visco- 
siiy, are solved togetliei to eliminate o-jg. The solution involves the only 
tcinjierature dopeiident factor Ajg* which can be xmt in the convonient form 


]+i'o;2 


■■ ( 6 ) 


Mhero III, 'i/jj are the viscosities of the xmre components and M^, Afg and a:.^ 
iiro respectively their molecular weights and molar fractions tjo isgiveii by the 
exju'ession 


^ ^G.93 r 2Mi^ ] 
0 002628 L (A/, d-JIfg)] 


X X 10“’ 


... (7) 


From a knowledge of ^/g, D^g, the quantity may be obtained 

v^ ith the help of Eqn. (6). The corresponding value of T^g* is read from the table 
given by Hirschfelder, Curtiss and Bird (1954), which ultimately determines 
from the relation Tjg* — IcTfei^. Bqn. (6) is then used to fix up the value of <Tig. 

6 



238 


K. P. Srivastava and A. K, Barm 


This is repeated for each temperature and the values of tru thus obtained are 
averaged. The values of 612/* and listed in column 4 of table VI. These 

may be compared with the values obtained previously from thermal diffusion 
data by Saxona (1955) and also those obtained with the usual combination rules 
viz. 6 'i 2 = (ciXea)^ and These are respectively given in columns 

5 and 6 of table VI. 

The values of the force constants given in column 4 are believed to be more 
accurate than those recorded in column 3. They have, therefore, been used to 
calculate the mutual diffusion coefficient of the different gas pairs on the Len- 
nard- Jones (12 : 6) model and the calculated values compared with the experi- 
mentally observed values in table VII. The agreement between calculated and 
experimental values of is found to bo very close which shows that the force 
constants derived by us are quite reliable and can be used to calculate other trans- 
port properties. 

BEL F-D I F F U S I O N 

It is possible to calculate self-diffusion coefficient of gases on the rigid sphere 
model by combining inter- diffusion coefficient data for different triads of gases 
which give the self-diffusion coefficient for each of the gases forming the triad, 

TABLE VT 

Potential parameters on the Lennard-Jonos (12 . 6) model from experimental 

data 


(jttH Pair 

Force 

ParainotoiH 

liitoraortion 

method 

From 

combination 
of Di 2 and 

Fiom 

tliwmal 

dlffUHlOM 

From 

combination 

rules 

Hc-Ne 


18.6 

20 19 


19 11 



3 681 

2.662 


2.683 


EiJk 

46.0 



44.07 

Ho-Kr 


V12 

3,084 



3 093 


E.Jk 

91.5 


71.99 

90.42 

No-Xo 



3 377 


3.460 

3.422 


The method of calculation of self-diffusion coefficient which is due to Kelvin 
is as follows : — 


For rigid elastic spheres the first approximation to the coefficient of inter- 
diffusion of two gases 1 and 2 is 


\D 1 = ^ r kT{mifmj) ] , 

^ 8(wi+%)<7i./ L 27rmim2 J 


... (S) 
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TABLE vn 

Comparison of observed values of the mutual diffusion coefficient with those 
(-alculated from the force parameters derived from the experimental data. Values 
of Di 2 a-i*© expressed in cm^ /sec. 


Temp "K 

Gas Fair 

273 

288 

303 

318 

He-Ne 

Expt. 

0.996 

0 986 

1.066 

1.168 

Calo. 

0 901 

0.984 

1.070 

1.100 

Ho-Kr 

Expt. 

0.,5.'56 

0 606 

0 669 

0.720 

Calc. 

0..').')4 

0 604 

0.660 

0.718 

Xe-Xe 

Expt. 

0 186 

0 202 

0 221 

0.244 

Calc.t 

O.iaf) 

0.203 

0.222 

0.242 


♦All data at ono atinoaphore, 

t Calculated from tho force paramotors in Column 4 of table VT. 


vdiere mi, m^ are the masses of the molecules 1 and 2 , rtj and n,^ their number 
densities and (Tj^, the collision diameter for the pair of gases. 

(r ,2 may bo calculated from Eqn.( 8 ) by utilising the experimental value of Di^- 
From the triad of gases 1-2-3 we can determine cr^g, o'l^ and since (Th — \ 
+ 0 - 3 ) with similar expressions for and <Ti^ we can find (Th, 0 * 23 , cr^s. Then 
the self-diffusion coefficient for the same temperature may be determined from 
the relation 


mi- 3 IkTy ...(9) 

Recently Srivastava and Srivastava (1959) and Srivastava (1959) have given 
the data on inter-duffusion for the gas pairs Ne-A, A-Kr, Nc-Kr, A-He, A-Xc, 
lJc~ Xo atO“, 15“ 30“ and 46“C. By utilising Kelvin’s method, they have also cal- 
culated self-diffusion coefficients for He, Ne, A, Kr, Xe on the rigid sphere model. 
The values thus obtained have boon compared with the experimental values. Wo 
have combined the inter-diffusion coefficients at N.T.P. for all the gas pairs 
reported in this paper and those reported by Srivastava and Srivastava (1959) 
and Srivastava (1959) to yield the values of the self-diffusion coefficient. The 
results of calculation are shown in Table VIII. Only for Ne. A. experimental date 
are available at N.T.P. The calculated values of Du for Ne, A, are found to be 
in fair agreement with the experimental values. 
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TABLE VJTI 

Coefficient of self-diffusion (at N.T.P.) 


Combination of 
gases used 

Coelhcionts of solf-difFusion cm^/aoc. 

Ho 

No 

A 

Kr 

Xo 

No-A-Kr 


0.520 

0.152 

0 087 


A-Be-Xo 

2 548 


0.136 


0 055 

Ho-Ne-Kr 

1.662 

0.589 


0.084 


He-Ne-Xe 

1.686 

0.4H2 



0.059 

A-HckKi- 

1 892 

. ■ 

0 150 

0.090 


A-Ne-Xe 


0 565 

0.142 


0.047 

Moan 

1.946 

0.540 

0 J48 

0 087 

0.053 

Bxpt 


0.452 

0 156 


. .. 
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SPECTRA OF DIMETHOXYBENZENES. PART I— 

META DIMETHOXYBENZENE 

K. SREERAMAMIJRTY 

iSpt^ctrosooj’Y Laboratory, Physios I^ri'ARTMJSNT, H. V. UmvicKKiTY, Thiopati 
{Beceived, Agrril G, 1SJ59) 

Bmiothoxybeazeiies have tlie oonstiiiitiou (V,Il<i(OCH 3)2 with the radical 
OCRa Hiibstituiiiig the H atoms in the throe isomenc positions, Tlie present 
study is on the meta substituted conijxmnd, A lOO ems absorption eohiinn is 
used for photographing the spectrum under different pressure conditions of the 
vapour. The spoctnmi is reproduced lu figure 1. Measuremenis on 15 bands 
are presented in the table along with their probable assignments. 



2800 2760 2700 2050 

Spectrum of w-dimethoxybebzone. 

Three distinct regions of absorption are found. Tn each region the band is 
broad with a fairly sharp edge towards the violet. The 0,0 band is located at 
V 36117 and is accompanied by a structure consisting of a number of very close 
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bands. On- the “violet side is a band of medium intensity at a wavenumber 
separation of 60 units. It does not conform to the usual difference frequency 
found in these spectra. If this frequenciv is genuine, it is expected to represent the 


Wavonumber 

Tnl 

ABHi^nnient 

W avenumbor 

Int 

AsHignment 

36020 

111 

0-2 41 

36781 

w 


059 

vw 


793 

mw 

0 + 619+60 

076 

III 

0-41 

891 

inw 


103 

in 


945 

niw 


117 

Rt. 

0, 0 

37027 

mw 

0-1-948-41 

177 

Ill 

0 + 60 

065 

mw 

0 + 948 

736 

nidi 

0+619 

138 

w 

0-1 1021 

752 

IIIW 






difference between a smaller ground state and a larger upper state frequency — 
a feature found in paracresol and pheiietolc. On the long wavelength side of the 
0,0, band a band at an interval of 41cm~^ corresponds to the usual v~v transition. 
This recurs in combination with other froquenc.ies. Prominent bands on the 
violet side led to three distinct frequencies 019, 948 and 1021 only 948 is 
obviously a totally symmetric c.arbon vibration. 1021 can either be another 
carbon vibration or more probably a O-OHg vibration. 

Study of the spectra of the other isomers is in progress. ' 
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AN INVESTIGATION INTO THE MOMENTUM 
DISTRIBUTION IN LIGHT NUCLEI 

C. M. PUJARA AND K. M. GATHA 

Depaktment ov Physios, Institute of Science, Bombay 
{Heceived, March 3, 1969) 

ABSTRACT. The characteristic nuclear density distribution for light elements has 
been obtained by Gatha and Shah. Using this density distribution, the nucleonic nioinentum 
(bstributions have been obtained on the basis of the Thomas-Fermi-Woizsacker method for 
carbon and oxygen. Using these momentum distributions the proton energy spectra, resulting 
Iroin the inelastic scattering at 30° and 40° of 340 Mov protons by these elements, have 
been calculatod. Using the momentum distribution for carbon, the production ofilcienoies 
and tho meson energy spectra at 46°, 90° and 136°, resulting from tho photo-production ol 
mesons on carbon, have also been calculated. 

I. INTRODUCTION 

According to tho commonly accepted nuclear model, a nucleus is regarded 
as composed of nucleons. These nucleons are confined within the nuclear volume, 
The linear dimensions of such a nuclear region are of the order of 10"^®cm. For 
a nucleon confined in such a region there would be a corresponding imcortainty 
ill its momentum according to the uncertainty principle. The corresponding 
uncertainty in the kinetic energy of a nucleon can be estimated to be of the order 
of several million electron volts. 

If the exact nuclear wave function is known for tho ground state of the 
nucleus, the corresponding nuclear momentum distribution can be determined 
through the transformation of the same to momentum space. However, such 
a nuclear wave function cannot bo obtained at present for any complex nucleus. 
Tlierofore, it is necessary to obtain the nucleon momentum distribution by some 
appropriate approximation. 

An approximate relation between the nuclear density distribution and 
nuclear momentum distribution is provided by the Thomas-Fermi method, as 
discussed by Coulson and March (1950). Some improvements of this method 
have been suggested by Plaskett (1953) as well as by Weizsacker (1935). An 
atiompt has been made in this investigation to provide an approximate three- 
dimensional form to tho Plaskett method on the basis of certain assumptions, 
Tho Thomas-Fermi method, the Thomas-Fermi-Weizsacker method and the 
iimdified Plaskett method have been tested for the determination of the nuclear 
momentum distribution assuming an isotropic harmonic oscillator potential. 
It has been found that the Thomas-Fermi-Weizsa-cker method provides the best 
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results. The Thomas-Fermi-Weizsacker method has been used in the present 
investigation for determining the nuclear momentum distributions. 

Using the characteristic nuclear density distribution for light elements, 
determined by Gatha and Shah, the corresponding nuclear density distributions 
for carbon and oxygen have been calculated and used in this investigation to 
determine their resx)ectivo iiucleaT’ momentum distributions. 

The nuclear momentum distribution can be expected to affect significantly 
those nuclear reactions whore the interaction energy is comparable to the kinetic 
energy of the nucleon within the nucleus. Cladis, Hess and Moyer (1952) have 
observed the proton energy sjiectra for the nuclear inelastic scatt^^ring of 340 
Mev protons at 30” by carbon and at 40” by caibOn and oxygen. At the same 
time, McMillan, Peterson and White (1949), Steinberger and Bishop (1952), 
Peterson, Gilbert and White (1951) as well as Sargent Janes and Kraushaar (1954) 
have observed the pion energy spectra at fixed angles for carbon for the photo- 
production by brcmastrahlung photons. Some estimates of pion production 
efficiency have also been reported by some of the above workers. Jenkins, 
Luckey, Palfrey and Wilson (1954) as well as Luckey (1965) have reported some 
observations on the pion production efficiency during the photo -production by 
carbon at certain energies. 

The above ox^iorimontal data have been so far correlated on the basis of some 
assumefl luudear momentum distributions. Cladis et. al (1952) have used the 
Gaussian as well as the Chow-Goldbevger distributions. They find that the 
latter distribution is inaxiprojinate while the former distribution, with a kinetic 
energy half-width of 14 to 19 Mev, is quite suitable for this purpose. Wolff 
(1952) has correlated the same data on the basis of Chew-Goldberger (1950), Fermi, 
(1936) as well as Gaussian nuclear momentum distributions. He concludes that 
the Gaussian nuclear momentum distributions, with a kinetic energy half-width 
of 12 to 20 Mev, ajipoar appropriate for this purpose. Lax and Feshbach (1961), 
on the other hand, claim to have reasonably correlated some experimental data 
on the photo-production of positive pions on carbon by using the Ohew-Goldborgor 
distribution. 

The puriiose of the jiresent investigation has been to correlate the abovii 
experimental data on the basis of the nuclear momentum distributions determined 
from the characteristic nuclear density distribution of Gatha and Shah through 
the Thomas-Fermi-WeizBackor method. For this purpose, the theoretical methods 
developed by Wolff (1962) as well as Lax and Feshbach (1961) have been employed 
for correlating the respective experimental data with these nuclear momentum 
distributions. 

Therefore, it is concluded that the characteristic nuclear density distribution 
for light elements, determined by Gatha and Shah, provides at least approximate 
nuclear momentum distributions for such elements. 
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IL NUCLEAR MOMENTUM DISTRIBUTIONS 
A. Characteristic nuclear density distrihution 

A characteristic nuclear density distribution can be defined by p(r) = p(f), 
where p{r) is the nucl ar donsitj^ distribution for any particular element, while 
p{f) is the nuclear density distribution for all elements, with r representing the 
radial distance from the nuclear centre and r = rA~^f^. Gatha and Shah have 
determined an improved characteristic nuclear density distribution by elimi- 
nating the effects of the higher Born approximations on the nuclear scattering 
of 340 Mev protons. This characteristic nuclear density distribution is given by 

p(f) = {1 F*} ... (1) 

w hero oci = 0.12 X 10®®cm-^; 0 C 3 = 0.25 X 10®®cm““; 

yffi = 8.62 X 102«cm-2; /?2 = 1 .09 X 102ficm-2; 

yffa = 0.44X 10‘-i«Gm-2; = 0.13x lO^Vm-^. 

This p{f) for light elements, showji in figure 1, has been used in the present investi 
giitiou. 



r X 1013 (cm) 

Fig. 1. Characteristic nuclear density distribution for light nuclei. 

B. Thomas-fermi method 

A simple relation between the spherically symmetric nuclear density distri- 
bution p[r) for proton or neutron, normalised to the number of particles N, and 
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the corresponding nuclear maximum momentum distribution Pmi^) within the 
nuclouB is given by Coulson and March (1950) as 

- ( 2 ) 

Defining I{p)dp as the probability of one nucleon having its absolute momen- 
turn between p and p-{-dp, one can write 

r(3» 

I{p)dp ~ I ^ r{'P)^P{^) ^ i-Txr^dr (3) 


where I^{p)dp is the probability of the nucleon at r having its absolute magni- 
tude of momentum between p and p-\-dp, and r{p) has to bo determined from 
the function p^(r). Substituting Ir{p) dp and p(r) in equation (II, 3), one finds 


STT^a N ^ 


... (4) 


March (1954) has tested the validity of the Thomas-Fermi method for the 
nuclear problem by assuming an isotropic harmonic oscillator nuclear potential. 
He finds that there is a close agreement for medium and heavy nuclei, while the 
method needs some improvement for light nuclei. Ho further points out that 
/(p), obtained by this method, is particularly unreliable for very small and very 
large momenta. 

It may bo noted that, for a characteristic nuclear dedSity distribution, one 
can rewrite equation (II, 4) to have 


m 




... ( 6 ) 


C. Thomaa-Fermi-W eizsciolcer method 

Weizsacker’s method, for a single t 3 q)e of particle without spin, can be derived 
from the variation principle 

where p is the particle density and V is the potential energy. It may be noted 
that the last term alone represents the correction introd\iced by Weizsacker. 
The corresponding Euler^equation gives 


2J!f ^ ^ 4Jf p 




SM 

where E is the Lagrange multiplier of the dimensions of energy. 


Plaskett (1953), using a more fundamentalj^analysis, obtains 

' 1 “ 


2M'^^ ^4Ma> RM 


... (7) 


... ( 8 ) 
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Ballinger and March (1954) have tested both these methods by coinparing 
the particle density given by them for an oscillator potential with the exact 
density for the same. They indicate that the Weizsiickor method provides the 
ajjpropriate behaviour for the density for small as well as largo distances. It 
may, therefore, bo expected that the Weizsacker method may provide an appro- 
priate behaviour for I{p) for small as well as large momenta. Therefore the 
Thomas-Fermi- Weizsacker method has been used in the present investigation 
for determining the nuclear momentum distributiojis from the nuclear density 
distributions. 

The Thomas-Fermi- Weizsacker method for the nuclear problem, in three 
dimensions, can be derived from the variation principle 

5/3 



I iypri!+ (y^Mi 

\ Pp Pif n 


df = 0 


(9) 


whore pp and pjy are the proton and neutron densities. Following Gombas 
(1952), it will be assumed that pp = = p/2. Thus one has 





p j 


... ( 10 ) 


Thus the above equation can be written as 

d [ F{p, p')df = 0 
where, ^ 


F{p, p’) 


[VPf 

m p 


The Euler equation for such a variation principle can be written as 



(11' 


( 12 ) 


where IS appears as the Lagrange multiplier of the dimensions of energy. In 
the Thomas-Forini-Weizsticker formalism, E can be regarded as the maximum 
effective nucleonic energy within the nucleus. This assumption, which has no 
clear theoretical justification, has been empirically found to improve upon the 
Thomas-Fermi method in respect of the nuclear momentum distribution, Assum- 
ijig F to be independent of any small variation of p, as well as considering p and 
F spherically symmetrical, one can write 




(13) 
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The above Pffi(r) may be used, along with equation (II, 3) to determine the 
shapes of the nuclear momentum distributions. Such nuclear momentum distri- 
butions require suitable renormalization, as Pn,{r) is no longer connected with 
p(r) through the equation (II, 2). 

D- Plaskett method 

The Thomas-Fermi method, in one dimension, has been sought to be replaced 
by Plaskett (1953). It has not been possible for him to obtain a three dimensional 
form. In analogy with Plaskett ’s method in one dimension, an approximate 
relation in three dimensions has been set up in this investigation. 

The Schrodinger equation in three dimensions is given by 

[- 2 ^- V -»(?)] = 0 - 

where ff(r) — E—V(r}. One may now require that the solution of the above 
equation has the form 

f 

... (,5) 

Siibsti luting the solution given m equation (11, 15) into equation (II, 14) and 
separating the real and the imaginary parts, one obtains the simultaneous equa- 
tions 


Ay. P~i 2P. yA = 0 

2Mff = P2 - fe^AA/A 

One may note that 


... (16) 

... av 



... (18) 

which by equation (IT, 16) loads to 


... (19) 

Substituting equation (II, 19) into equation (IT, 17) one has 

- 

... (20) 


Applying the above equation to the motion of the nucleon with the highest energy, 
one may require that it should revert to the Thomas-Fermi relation when P is a 
slowly varying function of r. By using equation (II, 2), one has 
pa = (37r»fe3)2V/® 


... ( 21 ) 
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Thus a coixnectiou can be established between the magnitude of P and p . , How- 
(iver, this does not give any information regarding the directional properties of 
P. Therefore, it is not possible to make use of equation (II, 20) directly. 

One may make a simplifying assumption that P varies slowly in direction. 
To introduce tliis assumption one can rewrite (II, 16) as 

V.(^'‘i^) = 0 ... (22) 

One may also note that 

v (p ) =V »» = t> ••• (23) 

^v^lierc is a unit vector in the direction of P, provided the directional variation of 
n IS slow as assumed Comparing equation (11, 22) with equation (TI, 23), one 
(iiii write A = CP~^ where 0 is an undetermined constant. 

Substituting the value of A and into equation (n, 17) are replacing 2Mg 
))y one obtains 

Pi =- P-~fe^PiA(P-i) ... (24) 

Substituting into equation (11, 24) from equation (II, 21) and considering p and P 
spherically symmetrical, one obtains 

)% ... (25) 

whore p' and p" are the first and the second radial derivatives of p respectively. 

The above j!?,„(r) may be used along with the equation (11, 3) to determine the 
jiuclear momentum distributions. Such nuclear momentum distributions would 
jilso require ronorraalizarion as mentioned before. 

1 j . Application to isotropic harmonic oscillator 

The nuclear density distribution, used in the present investigation, is similar 
in form to the particle density distribution in an isotropic harmonic oscillator 
l)otential. Therefore it is advisable to test the applicability of the various methods 
for determining the nuclear momentum distributions by considering such an iso- 
tropic harmonic oscillator. Such tests can be carried out because it is possible 
to calculate the particle density distribution as well as the corresponding particle 
momentum distribution exactly in this instance, 

March (1964) has carried out such tests for the Thomas-Ferrai method by 
considering 20, 68 and 92 protons or neutrons. Since only carbon and oxygen 
nuclei have been tested in the present investigation, only 6 or 8 protons or neutrons 
need be considered in this connection. Since the case of 8 protons or neutrons 
n^ould provide completed shells, only such a case has been treated here for simpli- 
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city. The Thomas-Fermi method, the Thomas-Fermi-Weizsacker method 
and the modified Plaskett method have also been tested. 


Morse and Feshbach (1953) have given, for an isotropic harmonic oscillator, 
the expression for ^nim ^>0)- Similarly Morse and Feshbach (1953) have also 
given the corresponding exiiression for Xnim {P^ 0)- Both these expressions 

needed some small corrections for proper normalization. Using such con‘eeted 
expressions and taking Pnim {r, 0,(p) = \ (r, 0, 0) f and {p, (9, 0) = 

^^P^ I Xnim (pi 0) Pi terms of diemensionless quantities, 


inlmit, 0, 0) = ^(2?4-l) 



In 

1 \ 


\ 2 “ 

2-2 ) ! 

(«+imi jr 

[^( 





r L it^)] ’ 

I w ? 1 I 

•- 2 2 2 -^ 


TT* 


(i-lml )l 




I n I 1\ 


{Pr(^^)P ... (26) 


, 5242^-82 


X 


4l 

L„ 

n 
2 ■ 


,-l J 




(27) 


whore t — fih, s = pjUP^, with /? = J/co/fe where M the nucleon mass and o 
the classical frequency for the oscillator potential. Also {t, 0, (p) = 

{jrlpy'^Pnim 0) and Tjnim (*■, 0, 0) = (fe/4) {nP)^xInim {p, 0), where n = cos 0. 

Further, L represents the Laguerre function of the corresponding orders as dis- 
cussed by Morse and Feshbach. In order to obtain purely radial expressions, 
it is necessary to average over angular variations. Allowing for two spin orienta- 
tions, this leads to 






/w £ £\ p • -12 

.. J/ _ J2, L («*) 

[r(M+i)]’ L J 

_ i _ 1\ I n n 

J? y s^-\ ^p-s^ L 


... (28) 


... ( 29 ) 
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In case of 8 particles only the terms for n — I, I = 0 and n = 2 ,1 I are 
necessary. For both cases, one gets Lq^ =- 7ri/2 and Lq®/** — 37r*/4. Substituting 
the above values into equatioiis (11, 28) and (11, 29) and allowing for (2i+l) dege- 
neracy for values of m, one has for all the 8 particles. 

f(«) = /)-<'(2+4<“) (30) 

71(3) = (31) 


Tho dimensiouleBS total density | (1) for 8 partieles, shown in figure 2, roughly 
similar in form to the characteristic nuclear density of Gotha and Shah as shown 



Fig. 2. DimensionloaH nuoloar density diHlnbutioii for eight jiurticloa in an isotrojiic 
hai'monio oscillator potential. 

in figure 1. This similarity makes the case of the isotropic harmonic oscillator 
potential useful for testing tho applicability of the various methods for tho deter- 
mination of the of the nuclear momentum distributions. 

Using Thomas-Formi method, one has from equation (II, 4) for all tho 8 
particles 

Vt.fM = **(») ( 32 ) 

One has to determine t(s) by using ecjuation (IT, 1 ) in the form 
« t . f . = I Wl’" 


2 


(33) 
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DinieiiHioril(’HH iiuolo/U luomenium distrilnitiOTi for oij^hi, parlicloK in an 
iHOtropio hfirmonio oscilJaior poionUul. 

Toji arrow v ■ By oxticl. molhod. 

Middlo loft ariow : p. '• l^y 'rbomaR-Kernn method. 

Middle n^ht Mrrow Vjt . By jdiiskel-t method 
Bottom arrow : By Thomas- |fermi-WoizBaikoi molhod. 


Substi tilting for |(i) from equation (TT, 30) into equation (11,33) i(.s) has been 
obtained graphically. Using this <(,f), tjrp^f if!) has been detenniiied from oquatjon 
(II 32). This (.s) has been shown in figure 3 fur comparison with the exact 
f)(a). 

Using Thomas-Uermi-Woizsackor method, one has from equation (Jl, 3) for 
all the 8 jiarticJes 

u») 

y— « ... (34) 

where from equation (II, 13), one has 


^TFW. 


[^■10}"+; 



1 / I _ 1 J V-1 

2 I fit) J 1 \ f(0 J I 


... (35) 


Similarly using Plaskett method, one has again from equation (II, 3) fr all 
the 8 particles 

«(*) - 


rip(s) = 3s* J 


(36) 
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where from equation (II, 25), one has 




7 (I'wi VI rr w \ , 1 

3Jj I ^ (f) J ^ (3 I f (0 J 3< 



(37) 


From these equations (^) and .Sp(^) were determined by substituting for l{t) 

from equation (II, 30). The limits t\s) for both cases were determined graphically 
from the corresponding implicit equations (II, 36) and (II, 37). The determi- 
nation of Vt F.W.i^)VT f.wM ^p(®) were determined gre-phioally from 

equation (II, 34) and (II, 36) respectively and the same were renormalized as 
indicated before Both n/j, j,, ^^.( 5 ) and 7ip{s) have been shown in figure 3 along 
with rip.p.{s) for comparison with the exact ^( 5 ) determined before. 

It is clear from figure 3 that ?/jr.|,».('®) 's not a very good approximation to f/(fi). 
The deviations are paiticularly apparent both for small and large values of a os 
can bo expected. It is also clear that i]p{s) deviates even more from ii(^) at such 
values of 5. On the other hand, rjtpp pp(.s-) is closer to i)(jv) for such value of s. For 
other values of .s’, however it is rather difficult to })refer any one approximation 
over others. Therefore the behavioui of those approximations for large and 
small values of a has been used as a criterion for selection. The Thomas-Fermi- 
Woizsaoker method is regarded a somewhat suiierior to others for determining the 
niomonturn distribution from the density distribution, of an isotropic harmonic 
osciillator. Since the nuclear density distribution of Gatha and Shah is of a similar 
form as the density disti ibution for the isotropic harmonic oscillator, the Thomas- 
Fermi-Weizasackor method has boon used, in the present investigation for doter- 
niining tho nuclear momentum distributions. 

F. Nuclear momentum distributiom for carbon and oxyyen. 

The nuclear momentum distributions for carbon and oxygon have been deter- 
mined, by using the Thomas-Fermi-Weizsacker method, from the corresponding 
nuclear density distributions obtained from tho characteristic nuclear density 
(lislribution given in equation ^(II, 1). Since such density distributions pertain 
to nucleons, one has to modify the expression for the maximum momentum 
ilistributioii of equation (II, 13), so as to account for tho two isotopic spin 
states of the nucleons. The expression for pj(r) now becomes 


... (38) 

It may be noted that, in this method, p„j(r) is not characteristic although p{f) 
n characteristio. Substituting for p(r) from equation (IT, 1), pjx) was explicitly 
' alculated for carbon as well as oxygen. 
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In the above notation one can rewrite tlie expression for nuclear momentum 
distribution 1(^3) from equation (IE, 3) as 

r(p) 

Mp) = 12np^ f ... (39) 

Using p{r) of equation (IT, 1) and Pm{r) as determined before, the momentum 
distributions Idp) and Iq{p) for carbon and oxygen respectively were calculated 
by performing the necessary integrations graphically. It may be noted that these 
nuclear momentum distributions have tu be normalized to unity. Suitable re- 
normalisations, to this effect, were carried out by multiplying with appropriate 
normalization constants. Both Ip(p) and Iq{p) have been shown in figure 4. 



p X 10-14 (gm. oni. aeo“i). 

Fjg. 4. Nucloar momentum distributiona for carbon and oxygen. 
lo- For oxygon. ; Jc : For oarbon. 

These Pfn{r) have been used in the present investigation to correlate the ex- 
perimental data, for carbon and oxygen, on the nuclear inelastic scattering of higli 
energy protons and the photo-production of positive pions. 

III. NUCLEAR INELASTIC SCATTERING OF HIGH 
ENERGY PROTONS 

The proton energy spectra at 30'* for carbon and at 40“ for carbon and oxygen 
resulting from the nuclear inelastic scattering of 340 Mev protons from these 
elements, have boon observed by Cladis et al (19/)2). Serber (1947) has proposed 
a model for the nuclear interactions of high energy nucleons, wherein such 
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cn counters arc treated as a series of nucleon-nucleon interactions. For treating 
such problems, Fermi (1936) first proposed the impulse approximation. Chew 
(1950) has later elaborated the concepts behind this approximation. On the basis 
of the above approximation Wolf (1952) has developed an expression for the scatter- 
ing cross-section (t{T, 0) for the nuclear scattering of high energy protons. 
Following Cladis et al (1952) this can bo simply wr-itten as 


where M = nucleon mass, 

A = nuclear mass number, 

/(p) = = nuclear momentum distribution, 

P = incident nucleon momentum, 

Q = scattered nucleon momentum, 

<T^{0) — average free nucleon-nucleon scattering cross section at the 
angle 6 for the incident energy E, 

T = scattered nucleon kinetic energy. 

The lower limit K for the above integral has been given by Wolff (1952) as 

K = [2{P^-PQ cos (9)-2{(P2_Q2)(pa-|-Q2_2Pg cos 6')}4]i ... (3.2) 

The nuclear momentum distributions, determined above, have been used 
to correlate the experimental data of Cladis et al (1952) on the proton energy 
spectra resulting from the nuclear inelastic scattering of 340 Mev protons by 
carbon and oxygen. Inserting the values of /c(p) and /o(p) m equation (II, 39), 
taking (rj^{0) as per Wolff (1952) and calculating K from equation (11, 38), o-g 
{T, 30°), (Tc{T, 40°) and <Tq{T, 40°), for carbon and oxygen as indicated, have 
been calculated through graphical integration procedures. The observed proton 
energy spectrum at 30° for carbon is shown in figure 5, while the observed proton 
energy spectra at 40“ for carbon and oxygen are shown m figure 6. The theoretical 
(iurve for (T^T, 30°) has also been shown in figure 5. Similarly, the theoretical 
curves for (Tc{T, 40°) and o'g(T, 40°), have been shown in figure 6. All the theoretic 
cal energy spectra have been shifted along both scales to give the best agreement 
with the corresponding experimental energy spectra. 

It can be seen from figures 5 and 6 that the agreement between the theoretical 
and the experimental proton energy spectra is about as reasonable as that given 
by the Gaussion distribution used by Wolff (1952) as well as by Cladis et al (1952). 
However, the peaks in the theoretical spectra, determined in this investigation, 
are somewhat narrower than those given by the Gaussian distribution. The 
shapes of such peaks are determined by the nature of the nuclear momentum 
distributions foi‘ very low momenta. At the same time the theoretical spectra, 
determined in this investigation, deviate slightly more from the experimental 
spectra than in the cose of the Gaussian distribution for very small and very 
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Fig, r». Melativo proton energy npecira at. 30‘’ Hcatienng angles from 343 Mev 
prolons on carbon. 

• a-f. Tlioorot/ical energy hpectiMim. + ‘ Experimonlal ontM-gy spooUum. 
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Jarge T. The shapes of the theoretical spectra, for such extremal regions, are 
determined by the nature of the nuclear momentum distributions for very large 
momenta. It may be noted that all approximate statistical methods, including 
the Thomas-Fermi-Weizsacker method, for determining the nuclear distribution 
from the nuclear density distribution are somewhat unreliable for very low and 
very high momenta. These deviations can, therefore, be presumably ascribed 
to the failure of the statistical methods for determining the nuclear momentum 
distributions. Hence, it is reasonable to conclude that the characteristic nuclear 
density distributions, determined by Gatha and Shah, provides reasonable nuclear 
momentum distributions from the point of view of the proton energy spectra 
fosulting from the nuclear inelastic scattering of 340 Mov protons by light 
elements. 


IV. NUCLEAR I' H O 1’ 0 - P R O U U C T ] 0 N OF IT 1 0 II 
E N E It G Y r I O N S 

McMillan et al (1949), Stemberger and Bishop{1952), Peterson et al (1951) 
as well as Sargent Janes and Karushaar (1954) have observed the pioii energy 
.s[joctra at certain definite angles for carbon for the photo-production by brems- 
strahlung photons. Attention has been concentrated, in this investigation on 
(ho pion cneigy spectra and ])ion production efficiency for the photo-production 
of high energy positive pious by carbon. Homo estimates of pion production 
ciliinency have also been reported by some of the above workers. Jenkins et al 
(1954) as well as Luckey (1955) have reported some observations on the pion 
production efficiency during the photo-production by carbon at crtain photon 
energies. Those observed nuclear reactions can be expected to depend on the 
nuclear momentum distributions of the elements concerned. Comparing the, 
corrected charged pion energy spectrum at 90'’ for carbon due to Peterson et al. 
with the positive pion energy spectrum at 90" for carbon duo to Hargent Janes 
and Kraushaar, one finds that the two spectra are considerably inconsi stent, 
in this circumstance, it is natural to place more reliance on the results of electrical 
Tiicasiirements than on the results of photo-graphic measurements. Therefore, 
llic pion energy spectra, due to McMillan et al and Peterson ct al, have been dis- 
regarded in this investigation. Consequently, the positive pion energy spectrum 
ill' OO'* for carbon, duo to Sargent Janos and iCraushaar has been considered lor 
theoretical interpretation in this investigation. This energy spectrum, as pomted 
out by Sargent Janes and Kraushaar, give practically no pions below about 8 
M(*.v pioii kinetic energy. It is suspected that this may be due to some systematic 
ciror of this magmtude in their energy determination. Therefore, this energy 
»poctrum has been shifted towards lower pion kinetic energies by about 8 Mev 
brloie comparing the same with the corresponding theoretical energy spectrum 
ui figure 7. Observations have been made for 200 Mev, 235 Mev and 265 Mev 
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Fif?. 7. Positive pion energy spectra at 90“ for the photo-production on carbon by 
326 Mev jiromss trull lung photons. 

— > : Oc (Lax) : Theoretical energy apoctrum of Lax and Fealibaoh. 

: Oc : Present theoretical enc-rgy apeotrum. 

$ : Experimental energy spectrum, 

phoioiiB by JenkinB ei ul as well as Luckey for the production efficiencies fgr the 
photo -production of positive pions by carbon. From these observations, the 
differential photo-production cross section CjiiO) for liydrogen, the integrated 
.^photo-production cross section (7^ for the Bamo and the angular photo -production 
efficiency e{0) for carbon are considered relevant. The differential photo-pro- 
duction cross section (Jc{0) per proton for carbon was calculated at various angles 
by multiplying with the corresponding e((?). The probable errors on a-c[0) 

have been estimated by taking the same fractional errors as shown on their direct 
measurements of cr„(T, 0). The probable errors on 0 have also been given by thorn. 
Then (rc[d), obtained above, were graphically integrated after drawing smootli 
curves through their plots against cos {0) in the centre of mass system. Finally, 
the production efficiencies t for positive pions for carbon were calculated at these 
energies by dividing (Tc by the corresponding values of cTjj. These values of e at 
200 Mev, 235 Mev, and 265 Mev, together with their probable errors, are shown 
in figure 8 for comparison with the theoretical expression for e at such energies. 

The theoretical analysis for the nuclear photo-production of positive pions 
by Hayakawa (1951) as well as Lax and Feshbaoh (1951) has been based only 
on formal expressions for the nuclear photo-production of pions by hydrogen, 
independent of any specific form for the same. Consequently, the theoretical 
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analysis by Hayakawa has been based on certain assumptions regarding the ini- 
tial and final nuclear states. He has used the Fermi nuclear momentum distri- 
liution only. Lax and Feshbach have carried out their analysis by using the 



Fig. 8. PoHitive pion photo -prod uotj on o£fioimiciee for rarboTi. 

Ujjper arrow : c : Present theoretical efTioiency. 

TjOwoi arrow ; e ; (Lax) ; Theoretical oinoienoy of Lax and Feshbach. 

<1j ; Experiniental officioncy, 

closni'c approximation. The theoretical considerations of Hayakawa as well as 
Lii.N and Feshbach load to similar rosiilts, except lor the differences pointed out by 
Marshak (1952). However, the theoretical analysis due to Lax and Feshbach 
f-aii be applied to any nuclear momentum distribution as illustrated by them, 
riousotiuently, the theoretical analysis of Lax and Feshbach has been used in the 
])reseiit investigation. 

Lax and Feshbach (1951) have expressed the relative differential cross 
Hoction as a function of photon and pion energies, for the nuclear photo-production 
of positive pions, in tho dimensionless form 

M«} = (/*o* - 0*-f(vo. /‘o)/''o - (*-0 

whore the expression f(Vo, /to) is given by 

= I pmdt 

(b— a) or 

In these expressions they have taken fe = C = 1 and also the pion rest mass 
3 
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/M = 1. In these units M represents the micleaon rest energy, while Vq and 
represent the photim and the pion energies respectively. At the same time, 
V and // represent the photon and the pion momenta respectively. Further, p(/c) 
represents the nuclear Tnomentum distribukon. When the incident radiation 
is a bremsstrahlung spectrum /(vp) one can obtain the relative differential cross 
section, as a function of ])ion energy, by integrating over such a spectrum. Thus 
one has 

'^tmx 

r/W = I (/(Vo,/*o)/(v„)fivo ... (4.3) 

where is Ibe maximum photon oiiorgy for tbe bremsstrahlung spectrum. 
According to Marshak (1952), one can use the simple expression, /(Vo) — 1/vo 
(Since only the relative values of </(//<,) are calculated from ecpiation (IV, 3), 
normalization of /(vo) becomes unnecessary. 

Using such a bremsstrahlung spectrum with — 2.35, Lax and Fcslibach 
(1951) have caic.ulaied at 90° for carbon on the basis of the Chevv-Goldbergei* 
nuclear momentum distribution. (Since this theoretical gii^o) is relative, 

it was suitably normalized and comijared with the corresponding exjieri mental 
positive pion energy spectrum of (Sl.einborger and Bishop (1952). A reasonable 
agreement was obtained between the theoretical and the experimental pion 
energy sfiectra. Tins theoretical pion kinetic miergy 'f — 1) expressed 

in Mov , has been shown m figure 7. Lax and Feshbaeh have expressed the positive 
pion production ofhciency, as a function of photon energy, in the form 

c(Vo) = I r'(^) <ik ... _(4.4) 

I i -1- s i < [ 2JI/(V„ - l)]i 

where k repi'eseiits the nucloonic momoiitum within the nucleus in this units. 
■The production efficiency can bo expressed by 
'^max 

, _ S t{v„)/(v„) (h„ 

■ - ... (4.r)) 

^max 

5 o-jjM /(Vo) dvo 

whore cr^(v,d is the cuoss section, per unit photon energy interval at Uo, for the photo- 
production of positive pious by hydrogen. The monochromatic jiositivo pion 
production efficjioncy e(v„), duo to Lax and Feshbaeh, has been shown in figure 8, 
after reducing the same to half as required by (Steinherher and Bishop, 

The theoretical positive pion energy spectrum at 90° and the positive jiion 
production efficiency, for the photo-iiroduction by carbon, have been obtained 
ill this investigation on the basis of Ic{p)j dotorniined before, from the theoretical 
expressions for the same given by Lax and Feshbaeh. has been obtained 

for carbon from I dp) by using the relation Ndp) ~ dc{p)l^7Tp^. Using a trans- 
formation p — pek, where p is the pion rest mass, pdk) has been obtained from 
the relation pdk) = {pc)^ Ndp)^ 
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Substituting pc{Jc) into equation (IV, 2) and introducing the result into 
equation (IV, 1^ and performing the necessary integration graphically, Po) 

have been determined, for various values of //<,, for each of a set of values of Vo. 
Next with the bromsstrahlung spectrum defined by /(vj = l/v« and = 2.32, 
f/i(/^o) IIS'S been calculated as a function of Vo. Next, {/^(T) was obtained by taking 
pion kinetic energy T = and converting T to Mov. Since this g^T) 

is only relative, it has been suitably renormalized and shown in figure 7. It can 
be seen from figure 7 that the tlieoretical positive pion energy spectrum, based 
on the present nuclear momentum distiibutiou, reasonably agrees witli the corres- 
ponding experimental positive pion enrgy spectrum. Further, g^T) have also 
lieoii determined for carbon, at 45° and 135°. T'hoso have been shown in figure 
1) Oil an arbitrary scale. 



0 n 100 150 

T (Mcv). 

Fig. 9. ThporeiioaJ positive pion cnoigy Hiieotni at 45® and 135" for the iihoto- 
produotion on carbon by 326 Mov Brem.s.«itrahlnng photons. 

Upper arrow ; {/(.(46"). Lower arrow : 

Substituting pf,{k) into equation (IV, 4) and performing the necessary inte- 
gration graphically, the positive pion jiroduction efficiency ec(vo) for carbon has 
I icon calculated as a function of Vp. This e.p {%), after reducing the same to haK 
as per the prescription of Steinberger and Bishop, has been shown in figure 8 with 
the experimental values derived before. It can be seen from figure 8 that the 
theoretical pion production efficiency for carbon, based upon the pi’esent nuclear 
momentum distribution, roughly agrees with the experimental pion production 
efficiency. 
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CONCLUSION 

The nuclear momentum distributions for light elements can be obtained from 
the characteristic nuclear density distribution on the basis of an empirically 
reasonable method. Such nuclear momentum distributions can be used for 
reasonable correlations of the available experimental data on the inelastic nuclear 
scattering of high energy protons as well as the nuclear photo-productioii of 
positive pions by such light elements. Since the theoretical analysis, in each 
case, has been based on several plausible assumptions and the experimental data 
contain large errors, it is not possible to discriminate unambiguously between 
the present momentum distributions and the other proposed nuclear momentum 
distributions. However, it can be safely concluded that the theoretical deduc- 
tions, provide at least as good agreement with experimental results as given by 
any of the proposed nuclear momentum distributions. These conclusions, 
therefore, further justify the validity of the characteristic nuclear density distri- 
bution for light elements employed in the present investigation. 
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DESIGN OF PULSE AMPLIFIER 

R. C. GANGULI, 

Indian iNSTiTtmc of Technology, Khahagfuh 
(ifficeiucd for publication, April 20, 1959) 

ABSTRACT. This paper dosnribeB a now approach to the doflipri of pulse amplifier 
based on its transient response oharnctonstics. A pulse amplifier is charoetorised by its gain, 
I'jHetimo and overshoot and its design is dependent upon the relation between these parameters 
and the eirouit constants. Analytical relation between overshoot and nsetime (defined as 
the time for 10% to 90% of the final value) cannot bo obtained. Relation bolwoon gam, 
overshoot and the time to rise from zero to peak value has, however, been obtained, and the 
method of designing an actual pulse amplifier from a knowledge of these parameters shoMui. 
Results are compared with an actual pulse amplifier designed from the data obtained theo- 
retically 


INTRODUCTJ ON 

It is known that the unwanted shunt capacitance sets a limit to the high 
frequency response and hence the sharp risetimo of R-C coupled pulse amplifiers. 
Since it is not possible to rcdiuje its value indefinitely one aims at reducing its 
detrimental effects and thus improving the high frequency response with the 
lielp of some complicated circuitry. The simplest method is shunt compensation. 

The degree of h.f. compensation may be ascertained fron the transient 
response characteristics, A short risetime for a stop function input corresponds 
to a liigh upper 3 dh point, and hence largo handwidtli. In this paper a brief 
review is made of the effect of polo-zero location on the transient response charac- 
t-eristics and the process of designing parameters of a shunt compensated R-C 
coupled amplifier, which gives the best possible combination of gain, overshoot 
and risotirne, is discussed. (Gupta Sharma, 1964 and Marlin, 1956). 

2. DESIGN ANALYSIS 

If the mutual impedance function of a network is given by g (p) the voltage 
output for a unit current step input is given by 
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where the eoiitour has to bo chosen in such a way that all the singularities of 
<){j)) are to the left of the path of integration. Thus 


== X 27rj S Residues Ei^e-*** at the poles of g{p) 


= S Residues dP* at the poles of g{p), 
P 

where g{p) can be expressed as 


J! —_^\)iP ” 

■ {p - cx.^)(p - OL^) 


In the above expression 11 is a constant, 0 ,^, 0 ,^,... are zeros and poles of 

the network functjon in the complcjx frequency plane. 

Hence we can write 


v(t) = S Residue I e3>< 

P (P - «i)(P - “1) 


It may be mentioned here that pentode tubes are normally used for such 
amplifiers with relatively low values of plate load. So that equivalent generator 
for the output circuit is ideally a constant current generator and the output voltage 
is proportional to the output current which, in turn, is proportional to the input 
voltage. Hence, in calculating v(t) we have taken a step current input function. 

The conventional shunt compensated anqilifier and its high frequency jiqui- 
valcnt circuit are given m figures 1(a) and (b) respectively where C denotes the 
output capacitance of the first stage together vdth the input capacitance of the 
second stage. 




Fig, 1 (b) High frequency 
equivalent circuit. 
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For this equivalent circuit 


g{p) 

= R~\-pL 


:• iiip) 


R 

_ 

^ ^ i L{7 

^ H _ _P±«: 

■ (j»-6)(f»-c) 


lioiice v{t) 


H = a^RjL 

U 


* =- L V A' “ S = ‘““y' 


-R ■ / 1 

2L V ^(7 


= -a-jA (say) 


= ^ Iloaidue - 


for unit step current input. 


1 . [ H- Hin (/It-S)] 

r ^ ri+<^:!!_8iu(/?(_^)l 

oc^~\-/^^ L sin ' J 


wliere 6 = tan“^ ,, — 

a^+A-*— aa 

The nature of the solution clearly indicates that the response is non-mono- 
tonic (oscillatory) and some overshoot is present which is always the case as 
long as poles of the network functions are complex conjugates. For real poles 
the response is monotonic (damped), but the risetime is large. In order to mini- 
mise the risetime the parameters have therefore to be so adjusted that the 
roots are complex conjugates and in such a case some overshoot has to be 

Id O 

tolerated. To obtain such a condition the relation has to be satisfied. 

R^ 4 
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Now locating the poles and zero’s in the complex frequency plane (figure 
2) wo obtain 



v{t\ = H. t 1 

' ‘ F I ' sin 2^ J 

where a — F cos jjr 

fi — F sin 

^ = tan-i { = 

P = 

The plot of v{t) against t as given in figure 2 reveals that v{t) passes through 
Alternate maxima and minima, before it reaches the steady state value given 

by U . 

is the risetime at which the fii’st maximum is obtained and can be found 
out by satisfying the following two conditions simultaneously ^ v{t) — 0 


and 

We thus have 


w(<) =- negative. 


or 


PT„ = n-f 

m _ 

“ p Fain^lr 


for the first maximum. 
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Fig. 3. 


iSubstj tilting the value of in the expression of v()5) we got 

F \ 2 cos ^ / 

Tlio iiercentage overshoot is therefore given by 

V X 100 

»(*)oo 


e — (tt — \f') oot jj/ 

2 cos ijr 


X 100 


Fioin the expressions for overshoot, and steady state vafiie it is clear that 
overshofit is a function of i// alone whereas the steady state value and are 
luiictions of both ^ and F. It is therefore expected that by properly adjusting 
F and tjr, it is possible to obtain favourable combination of overshoot, risetnne 
mid gain to suit a particular purpose. 

Now in any case G is lixod by the choice of the tube. So to vary ijr and F, 
we have to adjust L and 21, but the limit of variation is decided by the relation 
4L 

(IIP > 


Or, we can write 



whore 


K>1 


Let us now find for what value of K one can obtain an optimum combination 
of gain, overshoot and risetime. Expressing them in terms of C and K we get 

/ ^ 'TT — tan~i yfc— l 

Overshoot S — e 

(n - tan-Vfc^) 

2 y/k-l 


4 
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Steady state gain (r = R. (midfrequoiicy gain) 



a ^ 

’ Vic -l 


{n — \>Q.ar^‘\/k — 1) 


'The plot of S vs K and T,JG vs K arc shown respectively in figures 4 and 5. 



The above sets of curves (sail bo taken as a guide to the design process. To 
start with one fixes up the amount of overshoot that can be tolerated. From the 
knowledge of tolerated overshoot, one knows the value of K which automatically 
fixes up T„ilg ratio. Then knowing the value of Q, is automatically fixed or 
from the knowledge of 0 is fixed up. In fact one has to make a compromise 
between and G. For the same permissible overshoot, if a large gain is desired 
T„^ will also have to be large and if, on the other hand, a small is-requireil 
one has to sacrifice gain. G decides the value of R in the circuit. Thus knowing 
R and K, L can be known from a knowledge of G. 

It will be noted from figure 6 showing the plot of Tj^jO agaioat K, that the 
curve passes through a minimum i.e., the gain-risetime ratio is maximum for a 
particular value of K — 2.55. The percentage overshoot for this value of K 
is 13%. If this can be tolerated, the combination of gain, overshoot and risetime 
as defined by this value of K should bo taken as a guide to the design procedure. 

It may further be noted that the minimum of the curve is not very sharp, 
it is rather flat for values of K greater than that for minimum. This means 
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that beyond a certain value of (s; 2) although Tff^|G does not vary appreciably, 
the overshoot rises rapidly with increase of K. 



Fig. 6 

Fi’om the expressions of and G we have seen that both include R as the 
multiplier, but becomes solely a function of K without having any multi - 
l)lior R. Further, since K = 4:LICR^, any change in K by varying R and L will 
modify the individual values of and G. The specified gain will fix up the 
value of R and any modification of K required will be done only by changing L. 
The following observations were carried out on an R-0 coupled amplifier with an 
inductance coimected in series with the plate load resistance having the following 
circuit parameters, with a view to study its behaviour for different values of K 
involving changes in L and also R as discussed above. 

Tube : QAK6 
Plate load R : 2Kq, 

Inductance : 20/^H 
HT supply : 200 F. 

The equivalent shunt capacity with the measuring aids connected to the cor- 
responding points was approximately equal to 30pF of which the input capa- 
citance of the measuring probe was 8pF. The input rectangular pulses were led 

from Marconi Video Oscillator (^^F885 A/1). The parameter K 
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variod by varying L alone and the output waveform was examined on the cali- 
brated pulse oscilloscope, Tektronix type 541. It was observed that with increase 
in the value of K from zero to unity (monotonic condition), effected by varying 
L from zero to 30/^H( = CR'^14) the risetime improved i.e. decreased uniformly, 
the steady state gain remaining constant; with further increase in the value of K 
risetimo was still reduced but overshoot appeared. 

When the inductance was further increased to GO/iH, keeping R = 2K Q 
i. o. X — 2, the observed overshoot was approximately 6% whereas 

from the graiih it was 6.7%. Now K was increased by decreasing R in stops. 
It was found that the risetime was reduced and the steady state gain began to fall. 
For large values of K with small values of R the output approximated a damped 
oscillation and the steady state gain approached zero. Under this condition the 
risetime, which is the time for a quarter cycle of oscillation is given by 7r/2'v/LC*. 
Upto a value oiK=2.5 there is a rapid improvement in the risetime with very 
little loss in steady state gain, thus resulting in a minimum value of for this 
value of K. This value of K corresponds to about 13% overshoot and if that is 
tolerable (which is normally the case), pulse amjilifiers c-an be conveniently 
designed with K =2.5. With further increase in the value of K, loss of gain 
becomes more rapid than imiirovemont in risetimo, thus resulting in increased 
values of (figure 5). 

! DESIGN EXAMPLE 

Suppose Ave want to design a single stage pulse amplifier with a vacuum tube 
type 6Ak5 having gm = 5 inA/V. The unavoidable shunt capacity C ab the 
under practical conditions is, say, ‘iOpF. Let the tolerable overshoot (iSf) in the 
amplifier be 12.5% . Reffering to figure 4, we find K — 2.5 for this value of S. 
■From figure 5 we then liave, for K — 2.5, 

Thus we sec that the value of K automatically fixes up the T^JG ratio, for 
a given value of g^lG. 

For the operating conditions specified above we get 
^ = 1.38 X 10-» 

Now if we specify G, will be fixed up and vice versa. If the desired gain is 
10, the risetime becomes 

= 1.38 X 10-’ 

If permissible risetime is less than 0.138 [i sec., the value of G will be corres- 
pondingly reduced, keeping = 1.38x10“®. 
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For 6)^ = 10 wo have R = 2000 ohms. Substituting this value of R in the 
~ = 75/fcIf. If, on. the other hand, the permissible value 

of Tfn is 0. l/«sec, 0 comes to be 7.24 and R = 1488 ohms, which in turn gives L 

Experiments were carried out with a shunt compensated amplifier as discussed 
above, the input rectangular pulse being obtained from a pulse generator. The 
output was observed on a calibrated pulse oscilloscope. 

Observations carried out with R = 2000 ohms, L — 16fiH and (7 = SOjiF 
gave Tfn — 0.15/a sec, gain 9.2 and /S = 12 % apjiroxiinately. 

The experiment was further varified by connecting a lOpF condenser between 
anode and ground of the 6Ak5 tube in the amplifier and thereby making the total 
shunt capacity 40 pF. With the same overshoot and gain i.e. K — 2.5 and 
T 2o 

Cl = 10, since q- X - — 4.6, we have for the operating conditions specified 
T 

above ^ 1.84x10"'“ or = 1.84x10“’ sec. with G- — 10. Actual obser- 
vations carried out with R — 2000 ohms, h = lOO/^ii and G — 40jt)F gave 
— 0.2 /tsec, gam 9.4 and S = 12% approximately. 

The above design example refers to a single stage pulse amplifier. If the 
desired gain for a given overshoot is higher than that obtainable with a single 
tube the number of stages must have to be increased. 

T (J 

From the expression deduced above wo have — -o — X some factor spe- 

ciliod by the overshoot Hence for same overshoot using same tube, higher gam 

T 

will automatically increase to keep— ^ a constant. Now if is to be re- 
duced should be Jhcreased, which can bo done by arranging the tubes in such 

a way that only the j/„j of individual tubes are added and not their shunt 
(japacitances. This again can be done by arranging the tubes to form a distri- 
buted amplifier. 


APPENDIX: A 

It is Tshown before that the mutual impedance of the high frequency equi- 
valent circuit of the shunt compensated amphfier is given by 

— 


B + pL + 


pC 
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or jZJ = R 

N 

Ajj (high frequency amijlification) 


(1 - 


9m • /^m/ - gmfi / — 


(l-to2ir))2 + w2^:R2 


= ■/(««>) 

Where = the mid. frequency gain. 

Now to got the peak in the frequency response curve i.e the maximum value 
of' I I we are to satisfy the conditions • 

and = negative 


Satisfying tlio above two conditions wo get 

„ _ V^'LCWTW 

LHJ 

Expressing in terms of K, we have 


vM-a 


From this expression wo get for to to be real and positive 
Or + 8Z - 16 > 0 

Or Z > 4 . (V2 - 1) 

That is, thefroquency response characteristic will show a peak only for values 
of .K' > 4(v'2— 1). Thus, it is seen that although the transient response shows 
a peak (overshoot) as soon as the amplifier load circuit becomes underdamped 
{K >1), the steady state response (frequency response) shows a peak only when 
1 1 exceeds R. i.e. > 1.656. 

In order that| Z,„| > R at some values of f^K must be greater than [4(\/^— !)]■ 
For value of K lying between unity and [4('v/2— 1], there will be no peak in the 
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frequency response characteristic although overshoots will occur for pulse ampli- 
lication. Thus we see that to construct a pulse amplifier, a knowledge of transient 
response is more important than its steady state response. As such a design 
procedure directly based on the transient response, as done here, will be of much 
use. 


APPENDIX : B 

The above discussioub are all valid if the Power Supply impedance is zero. 
But practical power supplies are not perfectly regulated and hence, the resulting 
internal impedance will modify the load impedance of the amplifier. The shift 
m the pole-zero location depends upon the nature and magnitude of the impedance. 
The equivalent circuit of the amplifier with the power supply impedance is shown 
audits effects on the response are discussed. It may be mentioned that if the power 
supply has a resistive impedance then its effect can be minimised by connecting 
a largo condenser across the power supply. In any case the power supply source 
can be made to behave as a source of practically zero impedance by using an 
R’C filter consisting of a resistance in series with and a condenser across the supply. 
The power supiily with its internal impedance is shown in figure 6. If the 
source impedance is reactive the shunt condenser across the source has some 
peculiar effects on the load impedance characteristics and hence on pulse response, 
as discussed bellow : 



(1) Internal impedance is capacitive. 

When the condenser is connected across the power supply, the effective in- 
ductance is reduced, 

if is reduced, and hence overshoot is decreased and risetime is increased. 
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(2) Inierrml impedance is inductive: 

We know if the power supply impedance is zero, the load impedance approaches 

^—((7 — the total shunt capacity), hut when the power supply impedance is 
to (7 


inductive, it can he shown that as the power supply is shorted hy a condenser, 
magnitude of the load impedance passes alternately tlirough a maximum followed 


hy a minimum and a maximum before the impedance approaches — - at the 

(oC7 


high frequency. This is obvious from the equivalent circuit of the load im- 
pedance together with the inductive internal impedance of the* power supply, 



Fi^. 7 The equivalont circuit with inductive internal iinpodanci 
of the power supply. 

figure 7. Since it is .a minimum phase-shift type of network, the imaginary part 
of the complex impedance also changes from inductive to (;apacitive nature along 
with the impedance variation. Thus the zero-xiole location changes and hence 
overshoot, risetime etc., are also modified accordingly. 

Experimental observations revealed the fact that the power supply had 
inductive impedance, and hence the response was modified when a condenser 
was connected across the power supply, as explained above. Now, since, in the 
case of inductive internal impedance if the capacitance across the power supply 




POWER- 

SUPPLY 





— 


=^Cr 


Fig. 8. B - C filter 
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IS not very large, the internal impedance of power supply instead of being zero 
becomes more complicated. It is found that an J2-C filter as shown in figure 8 
will give better performance. 


CONCLUSION 


In this article we have defined risetime to be equal to the time required to 
reach the peak and not as time required to reach 10% to 90% of the final value. 
Hence in actual practice the risetime according to the conventioi^^J definition 
will be less than the calculated value. 
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ON POLARISED ELECTRONIC SPECTRUM OF SINGLE 
CRYSTAL OF PARADIBROMOBENZENE 
AT -I80“C* 

T. N. mSRA 

Ol’Tios Depahtment, Indian Association fob the Cultivation oe 
Science, Calcutta 32. 

{Reaybvtd Jor pubUcahoUf March 14, 1959) 

Plate V 

ABSTRACT. Thu polai'isaljoii of the ultraviolet absorption spectra of very thin 
Hinglo crystiils of paradibroriiobenzono at -180”C has boon studied by photogruplung siiiuil- 
tanoously tho two compononta with the light vector parallel to 6- and c-axes respectively. 
It haa boon obsorvod that although tho bonds duo to 0— > v transitions are sharp in both tho 
oonipononts, the 0, 0 bond la sharp only in tho c-oxis spoctrurn, but in tho 6-axs speotium it 
has a triplet structuro. Thu two new bands adjacent to tho central 0, 0 band have been 
assigned to an intornioleoular vibration of frequency about 48 cin“i winch is coupled to tho 
elootronio transition only in tho &-axiB Hpoctruin. 

Tho intensity ratio of tho 5-axis and c-axis spectra calculated from the orystallograjihir' 
data given by Croatto el (d on the assumption that tho transition is a shori-axia ono, ugrecK 
with tho obsorvod value. Honoo tho oriontations of tho molecules m the lattice os given by 
Croatto et al aro corrout. Tho expected Davydov-splitting haa been oalcnlatod and found to 
bo 16 cm-i, but tho poor disporaion of the siiectrograph used did not allow tho detection oi 
auoh a small spUttmg. 

INTliODUCTION 

The polarised oloctronic spectrum of single crystal of paradiohlorobenzone 
was recently studied by Sirkar and Misra (1969) and the nature of the spectrum 
was found to bo different from that observed by Craig and Hobbins (1965) 
in the case of anthracene. It was observed that absorption is much stronger 
when the light vector is along the 6- axis of the crystal than that observed with tho 
light vector parallel to the c-axis of the crystal. An intermolecular vibration of 
frequency 63 cm“^ is found to be coupled with the 0,0 band in the former spectrum, 
hereinafter called the 6 -axis spectrum, but no such coupling takes^ilace when the 
light vector is almost perpendicular to the molecular plane in the latter spectrum. 
It was further observed that some 0— > w transitions observed in vapour aro 
absent in the c-axis spectrum but they are present in the 6-axiB spectrum. If 
was also pointed out that tho splitting of the two components calculated on 
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Davydov’s theory (1948) was found to be 22 cm"^, but such a splitting cpuld not 
be observed. 

The crystal of paradibromohenzene belongs to the monoclinic system with 
two molecules per unit cell and according to Croatto ct al (1954) it has a 
structure identical with that of paradichlorobenzene. Also, the crystal structure 
remains unchanged at — 180°C (ICrishnamurti, 1959, unpublished work.). So in 
this case also splitting on Davydov’s theory could bo easily calculated and 
verified experimentally. 

The study of polarised spectrum of single crystal of paradibromobenzeno 
would be helpful in ascertaining the orientation of the molecules in the lattice 
and also in finding out the influence of intermolecular forces on the electronic 
transitions in molecules fixed in crystal lattice. So, the study of polarised 
electronic spectra of single crystals of p-dibromobenzene was undertaken and 
the results are discussed in this paper. 

EXPERIMENTAL 

Very thin single crystals of p-dibromobenzone wore prepared from solution 
lu distilled acetone at room temperature. Larger surface area of the crystallizing 
basin and very slow rate of evaporation gave crystals of larger size. X-ray rotation 
])hotographs were taken for some of the crystals and in all cases, they wore found 
to bo developed as thin plates with the 6c-plane elongated along c-axis, the 6- 
axis lying along the width of the crystal plate. The primitive translation along 
r-axis was found to be 4. 11 A. According to Croatto et al (1949) the long axis 
of the molecule is nearly in the aft-plane taking the same general direct Jon as the 
a -axis. The piano of the molecule is tilted with rcspecit to the axial planes to a 
degree that gives the usual intermolecular separations. The experimental set 
up was the same as used in an earlier investigation (Sirkar and Misra, 1959). The 
crystal was mounted with its c-axis vertical and the ftc-face normal to the incident 
light between two fused silica discs in a brass frame the lower portion of which 
was immersed in liquid oxygen contained in a Dewar vessel of fused silica. 

Spectrograms were taken on Ilford HP3 films with Hilger El quartz spectro- 
graph having a dispersion 3 A per mm in the region 2600 A. 

Microphotometric records of the spectra were taken with a Kipp and Zonen 
1 ypo self-recording microphotometer. Tho wavelength of the bands were measured 
hy the method discussed in tho earlier paper (Sirkar and Misra, 1959). Tho 
(lisperison in the record was about 2A or 24 cm“^ per mm in the region 280 oA. 

RESULTS 

Assignment of hands : 

The vertical and the horizontal components of tho polarised electronic 
^|^bsorption spectrum of p-dibromobenzene are reproduced in figure 1 and the 
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microphotometric records of the bands are shown in figure 2, Plate V. The 
frequencies of the bands in the two components and their intensities are given 
in Table I. 

The frequencies of the bands due to vapour reported by earlier workers are 
also included in the table. 

TABLE I 


Polarised absorption bands of jj-dibromobenzene at — 180°C 


Vapour (Srooraina- 
murly, 11).')]) 

Light vector parallel to 
c-axis 

Light voci.or parallel to 

2) -axis 

V in cm“^ Aasigniiicnt 

p in cm- A Aasigmnent 

p in ora-i Aasignmont 






35391 w 

ro- 48 

.‘l.')64.3 a 

0, 0 (r„) 

35438 vs 

0, 0 (Fu) 

35438 va 

0, 0 (j^o) 





36485 w 

»'o+ 47 





35639 m 

ro + 201 



35768 in 

ro-1-330 

35770 1118 r()+332 

36113 me 

r„ + 470 







36022 ins 

rof584 

36024 1118 rn + 586 

36320 HIM 

Do'l 677 






36157 m 

ro-f719 

36158 ms ro-l- 720 

36657 m 

r„ j 1014 

36458 B 

Fo4 1020 

36458 m 

ro + 1020 

30787 w 

r„ + 677 + 470 

36679 111 

ro + 1241 

36679 in 

ro+1241 

37071 in 

+ 1449-21 

36922 111 

d„H 1484 



37092 in 

ro+1449 

37039 w 

i)„ + 1020 + 681 





37177 w 

ro + 1020 H 719 



37660 w 

i^o'l 2X1014 

37478 8 

ro+2Xl020 



37761 vw 

ro + 1449 + 677 

37700 in 

1^0+1020+1242 



38106 w 

ro + 1449 + 1014 

37942 ins 

Po + 1020+ 1484 



38299 vw 

r„ + 1449 + 1014 

38500 B 

ro+3Xl020 




+ 200 

38959 ni 

i'o+2 X 1019 




+ 1483 


It can be seen from figure 2(6) that the 0, 0 band in the horizontal component 
is broad, but it is sharp in the vertical component ; the 0-> u transitions are 
sharp in both the components. 

It is seen from Table I that the bands in two components are approximately 
in the same position and there is no appreciable shift of any of the components. 
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Fig 2 Miciopholometiic records of the poliuiscd electronic spectrum of single 
crystal of p-^dibromobcn/cne at - ISO C 
(a) Light veclor paiallcl to c- .IMS (h) Light vcctoi parallel to /? - axis. 
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DISCUSSION 

It can be seen from figure 2(b) that the structure of the 0,0 band 
is similar to that observed in the case of paradichlorobenzene with light 
vector parallel to fe-axis (&-axiB spectrum). In this component the 0,0 band has 
a triplet structure, the distance of the two outer components from the central 
one being 48 cm~^. These two components can be explained on the assumption 
that they are duo to some intermolecular vibration of frequency 48 cm~^ which 
are coupled with the electronic transition when the light vector is along the 
^>-axis of the crystal, but no such coupling takes place when the light vector 
IS along the c-axis. The other bands in the &-axis spectrum are about three times 
as strong as the corresponding bands in the c-axis spectriiin. These bands can 
he attributed to excited state frequencies 201 cm 332 cm 68G cm"^, 720 
1020 cm“^, 1241 om~i and 1484 cm~' respectively. It was pointed out 
(earlier (Sirkar and Misra, 19G9) that this intermolecular vibration is coupled to the 
(iicctronic transition only when the light vector is almost parallel to the plane of 
the molecule. iSo, in the present case also the light vector should be nearly parallel 
to the molecule when it is parallel to the ft-axis of the crystal. According to the 
(lata reported by Croatto ri a? (1949) the molecular plane is almost parallel to 
the aft-plane. Hence the results of present investigation corroborate the data 
reported by Croatto a? (1949). Incidentally, it may bo pointed out hero that 
the study of the polarised electronic spectra is helpful in finding out the orienta- 
tion of the benzene ring in the crystals of substituted benzenes. 

The excited state freiiuencios 201 cm~^, 330 cni"^, 584 cm“^ and 720 cm“^ 
were not observed in the siiectrum due to the vapour by Sreeramamurty (1951), 
but ho observed two frequencies 470 cm-^ and 677 cm“^ in this region. These 
frequencies do not agree with any of the frequencies mentioned above but the 
frequency 470 cm”^ is approximately the mean of 332 cm“^ and 586 cm~^ and the 
other one of 586 cm“^ and 720 cm“^. If the latter two bands become a little 
broader in the spectrum due to the vapour they can merge into one another to 
form a broad band of mean frequency, but the absence of the band 332 cm“i in 
the spectrum due to the vapour is difi&cult to understand. 

In the case of paradibromobenzone all the 0-> v transitions in the ft-axis 
spectrum are also present in the c-axis spectrum although with much smaller 
intensity. In the case of paradichlorobenzene, however, some of the bands 
absent in the vertical component appear in the horizontal component, i.e., when 
the light vector is almost parallel to the short axis of the molecules (Sirkar and 
Misra, 1959). 

According to Croatto et al (1962) paradichlorobenzene and paradibromo- 
Ijciizene are isostruotural, but the orientations of the molecules with respect to the 
crystallographic, axes are slightly different in the two cases. Attempts have been 
made to find out whether the difference in the relative intensities of the two 
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components of the spectra due to the two crystals is accounted for by this difference 
in orientation. It was assumed by Spoiler (1942) that the electronic transition 
giving this band system is a short-axis one. The intensity ratios of the 6-axis 
and the c-axis spectrum were calculated from the crystallographic data of Croatto 
ei al (1949) for a short axis transition and it was found to be 3 : 1 for paradibromo- 
benzone and 6 : 1 for paradi chlorobenzene. The intensity ratio of the 6-axis 
spectrum and c-axis spectrum for j9-dibromobenzeno as reproduced in figures 1 
and 2 and for p-dichlorobenzone as in the previous paper (Sirkar and Misra; 1959) 
are qualitatively in good agreement with the calculated ratio and Sponer r 
assignment is shown to be correct. 

The agreement between the calculated and the observed intensity ratios for 
the two spectra supports the crystal structure of the substances and the molecular 
orientation in the lattice as given by Croatto et al (1952). 

Davydov Spliting 

Using the atomic parameters in the p-dibromobenzene crystal lattice given by 
Croatto et al (1949), the angles made by the short and long axes of the molecules 
with the three crystallographic axes are found to be 02°11', 49°24' and 68° for the 
short axis and 35°48', ]25°45' and 109°40' for the long axis respectively and the 
values (ii ai\M\^ {A,B,C having significances as before) were 

found out from the relation 




where M is the molecular transition moment in A unit and is the distance 
between the centres of the two molecules, 0^, are the angles made by the 

transition moment of the /th molecule with a set of rectangular axes erected at 
its centre; refers to an axis along the line of the centre of the Ith and 
molecule. The values of J? and C for p-dibromobonzeno are given in 
Table 11. 


TABLE II 

Neighbour intermolecular integrals for crystalline p-dibromobenzeno. 



Long axis 

IShort axis 

Integral 

transition 

transition 




om-i A-3 cm-i A-2 


AI\M\^ 

- 62 

-h 22 


- 29 

-328 

(7/ 1 Jkf ja 

-639 

-111 
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The splitting between the h and c components will be 8C and for the short 
axis transition it comes out to be —888 \M\^ and for long axis transition it will 
1)6 —4312 \M\^. The negative sign means that the bands in the 6-axis 
spectrum should be shifted towards red relative to those in the c-axis spectrum. 

The value of \M\^ Avas found from the relation (Sklar, 1942) 

|Jf|a= -4^ 

STT^mev 

\vhorc /, the oscillator strength is given by 

/=2.3X . lO’Jefiv 

the notations having usual significancos. 

The value of J c<iv for the solution of p-dibromobenzene and benzene wore 
ro])orted by Klmgstodt (1933). The value of oscillator strength for the migration 
111 the ring in para dibromobenzene molecule \^^as 6.8 XlO”'*^ and the migrational 
transition moment lilfl'-* was calculated and found to be J5.38X 10~“A-2. 

Hence the splitting expected from Davydov’s theory in this case for short 
axis transition comes out to bo 15 cni"^ and for long axis transition this value 
sliould be 66 cm“^. As m the case of p-dichlorobcnzono this band system is duo 
to short axis transition. 

From the spectrogram and the microphotometric record it is seen that there 
IS no ajiprociablc shift of the band in the 6-axiH spectrum from the corresponding 
hands in the c-axis spectrum. Hence the splitting of 16 cm~^ is not observed 
lirobably because the disjiersion of the spectrograph is too small to allow 
detection of such a small splitting. 
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PJate VI 

III view of tho looseness of binding between the different layers of the crystals 
of graphite, the usual practice (Primak and Fuchs, 1954 , Soule, 1958) of purifying 
the natural crystals of graphite by treatmg them with hydrofluoric and hydro- 
chloric acids and drying Lhom by heating before measuring their electrical properties 
may naturally bo expected to cause a certain amount of disturbance in. the 
structure and possibly in the electrical resistivities along the hexagonal axis also 
(as in the i^ase of magnetic proiierties of grajilnte after treatment with H 2 SO 4 , 
^NOg, KCIO 3 ; Ganguly, 1930). Such purificatory treatments may therefore 
be objectionable from the point of view of studying the properties of single 
crystals of graphite. We, in consequence, undertook to detect the presence, if 
any, of such structural changes by means of X-rays. 

Rotation photographs about a binary axis of naturally occurring crystals of 
graphite were taken using filtered copper radiation. The crystals wore then 
treated with strong hydrofluoric acid, washed with water, then treated with strong 
hydrochloric acid, again washed in running water for a long time, and finally 
dried in a vacuum oven. Rotation photographs were then taken again as before. 
(Figures 1(a) & (b) (Plate VI) show the effect of these treatments' on a parti- 
cular crystal of graphite. In the case of untreated crystal it is seen that the spots 
corresponding to the reflections from the basal planes (0002 and 0004) appear, 
as is usual with naturally occuriing graphite, a little drawn out, due evidently 
to the presence of a small amount of randomness in the arrangement of the crystal 
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PLATE VI 


(a) 



I t 

0002 0004 


i 


' ' ' t' ‘ t ' 

0002 0004 

I'jg. 1.— Rotation photographs about a-axis of a natural crystal ol' graphite 
(a) Before chemical ticatmcnl. (b) Alter chemical treatment. 

(The superposed Debye-Scherrer pallein is due to aluminium 
powder sprinkled on the crystal). 
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counter which detects the positrons, then assuming that all the positrons are 
counted wo can write for the beta-1.28 coincidences 

and foj’ the gajnma ray 

Nj.2^ " ^ 

where Nq is the transition rate, 

/+ = the fraction of tlecays bypositron omission 

and (7 i.2b — the efficiency for detecting thel 28 MeV gamma ray. The ratio of 
a to h then yields /+, from which the c//?+ ratio can be computed. This is iiossiblo 
provided the entire positron spectrum can be measured. 


+ 



Na22 


We liave emi»loyed a 47 t jilastic scintillation counter for detecting the positrons 
and a NaT(Tl) counter for the 1.28 MeV gamma ray. The gamma counter is biased 
to accept only the photopoak. The effectiveness of the 477 plastic scintillation 
counter for measuring the shapes of beta spectra has been demonstrated by the 
work of Johnson et at (1956) and more recently by Robinson and Langer 
(1958), and is substantiated by the present experiments. 

A Na-22 source from a HCl solution was evaporated on a 0.0001" mylar foil 
and covered with a similar foil. The 477 counter was formed in t;he following 
way. Two plastic cylinders, each 3mm thick and 1 cm in diameter were chosen. 
One of the cylinders had a depression 1/2 mm deep and 1/2 cm in diameter. The 
Na-22 sandwich was placed in the depression. The two cylinders were pressed 
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together to form the 47r counter. A cone-shaped light pipe 1-1/2" long having 
a well at the apex was mounted on a DuMont 6292 phototube. To the bottom of 
the well the 47r plastic scintillation crystal was cemented by means of Canada 
balsam. The sides of the well had been painted white to ensure good light col- 
lection. The top of the well had a thin aluminium foil whitened inside. The 
gamma counter was a 2" cube Nal(Tl) crystal which had a resolution of 11% 
for 0 661 MoV gamma ray of Cb- 137. The 47r counter had a resolution of 16% for 
the 0.624 MoV X-convorsioii lino of Cs-137. The entire assembly of crystal 
and counters was surrounded by 2" of lead at 4". 

l^XPKRIMENTAL 

The general features of the 47r counter were investigated by a P-32 source 
using plastic cylinders, each 5mm thick and 1 cm in diameter. A Fermi plot of 



l'’ip. 2. Fonai plot of r-32 sj3octrum taken with a 4Tr plastic scintillation spectrometer. 

Note the end -point at 1.72 MoV. 

the spectrum is shown in figure 2. An end-point of 1.72 MeV is indicated, in good 
iigreenient with the value in the literature (King, 1954). Experiments on 
Na-22 were started with plastics of dimensions described in the Introduction 
The gamma counter was set on the photopeak of the 1.28 MoV gamma ray. The 
peak had a width of 3.5 volts at 35 volts. This was used to gate the 20-channel 
analyzer. The positron spectrum coincident with the 1.28 MeV gamma ray is 
shown in figure 3. Energy calibration of the siiectrometer was obtained by 
using external gamma rays of Na-22(0.5] 1 MeV), and 08-137(0.661 Mev). The 
Compton edges located at 3/4 of the maximum were used. The calibration is also 
shown in figure 3(c)- The calibration curve intercepted the axis corresponding 
io zero pulso height at 18 KoV in agreement with similar observations by Johnson 
rt al (1956). 
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Because of the fact that the plastic chosen had dimensions somewhat greater 
than the range of positrons, one would expect that the observed beta spectrum 



Fig. 3. 

(a) Coniimioua curve — ^bol-a spectrum of Na-22 in 47r plastic coimtor coincident with ilie 
1.28 MoV gamma ray. 

(b) Dotted curve — ^liota spectrum of No- 22 in triple coincidence with the 1.28 MeV gumma 
I'ay and tho two anniliilation quanta. Tho spoctiiuii is normalized to the doubles apiio- 
truin (beta-1 28*) above 50 ICoV to 1 / 10 %. 

(o) Energy oaJibration of tho 497 plastic counter using Compton edges of 0.511 (Na-22) and 
0.661 (C8-137) MeV. 

(d) Compton distribution of Na-22 gamma rays in 477 plastic counter (with positrons com- 
pletely stopped by Incite) coincidont witli the annihilation radiation and the 1.28 MeV 
gamma ray. 

may not be the correct one, but somewhat distorted by the simultaneous detec- 
tion of a beta partnde and its associated Compton electron. Thus the effect 
would be qualitatively to shift the siiectruni towards higher energy, without 
changing the area under the siioctrum. 

In order, therefore, to obtain the undistorted spectrum, tho beta spectrum 
was measured in triple coincidence with tho 1.28 MoV gamma ray and the two 
annihilation (pianta. Tho experimental arrangement and a functional diagram 
of the electronic circuitry are shown in figure 4. Pulses from the two 0.61 iMeV 
counters and the 1.28 MeV counter were fed to a triple coincidence circuit, whose 
output Avas used to gate the 20-channel analyzer. The positron spectrum gated 
by the triples is shown also in figure 3, normalized to the doubles spectrum beyond 
60 KeV. Tho statistical error for each point on the triples spectrum varied from 
2 to 4%. The doubles and the triples spectra are indeed displaced as expected. 
To obtain a quantitative justification for the siiectral displacement, the positrons 
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were completely stopped in just enough Incite and the Compton distribution 
was obtained in coincidence with the amiiliilation radiation and the 1 .28 MeV 
gamma ray. The spectrum thus obtained is shown as curve d in iigure 11 and is 
seen to be similar to the one that is obtained using an external source except for 
the absence of edge effects. 



Fig. 4. Block diagram of experhnonial sot-up for ^0-22 studios. 

If the assertion that the effect of the Compton distribution due to annihila- 
tion radiation is simply to shift the doubles spectrum is indeed correct, then it 
must be possibio to express the doubles spectrum d{h) in terms of the triples 
spectrum and the Compton distribution C{h~h'). In other words, we should 
be able to write 


d(A) t{h') G{h-h')h. 

A luimorical calculation was (;arriod out to test this assumption. For an assumed 
Compton of 6% the agreement from point to point was 3-4%. The assumption 
of 6% is not inconsistent with the dimensions of the plastic and the Compton 
cross-section (the choice of 6% is not critical, since the triples spectrum itself 
was known to 2-4%). The agreement thus obtained provides quantitative 
lustification for the assertion made earlier.lt must bo pointed out in this connec- 
tion that the effect of the inner brerasstrahlung is to displace the true spectrum 
111 a direction opposite to that diie to the Compton distribution but because of the 
weakness of the effect, the Compton effect predominates. The preservation of 
areas under the doubles and triples spectra is indicated by the fact that the two 
areas could be normalized to within 1/10%. 

Since the lowest energy observed was around 40 KeV, an extrapolation of the 
spectrum to zero energy has to be made in order to obtain the area under the whole 
beta spectrum. To do this, the following procedure was adopted. The ideal 
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Fermi flpectnim connected for flcreening was plotted. The spectrum was distorted 
for finite resolution at various points of the spectrum by folding in a gaussian of 
the proper width. The assumption was made that the half -width varied as the 
square root of the energy over the entire energy range. Choosing various en- 
ergies (designated as the area to the right of was obtained. It was 

determined that below 50 KeV the area under the beta-spectrum with and 
without resolutioji correction differed only by 1/10% and amounted to 6.3% of 
the area under the beta-spectrum beyond 50 KoV. Thus the area under the ideal 
Fermi distribution was taken as the correct area. This when added to the area 
due to the remaining portion of the doubles spectrum (which had been corrected 
by the Compton distribution to get the undisplaced spectrum) would give the 
total area. 

In order to test for any jiossible systematic; errors the ratio of area to the right 
of and the entire area from 50 KeV upto the maximum energy was plotted as 
a function of both for the ideal Fermi spe(;trum corrected for finite resolution, 
and the actual doubles beta spectrum corrected to the triples spectrum. The 
result is displayed in figure 5. It is observed that the data of three different runs 



Fig. 5. Study of systematic errors in. tlio Na-22 experiment. 

are consistent within themselves to 1-1/2% and with the theoretical plot to within 
1%. This may be taken as evidence for the absence of any systematic errors. 

The experiments were repeated with and without shielding. The effect of 
channel width on the gamma ray side was next studied, A different source was 
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made and the experiments repeated. In each case consistent results were ob- 
tained. Throughout the course of the experiments the counters were periodically 
chocked. The energy calibration of the beta spectrometer was carried out before 
and after each run. The overall statistical error in the double run was 1/10 to 
2/10%. Altogether seven runs were made. 

RESULTS 

The data from six of the runs are assembled in Table I together with explana- 
tion. The average value of is calculated to bo 0.899±0.003. This yields an 
iiverage e//?+ ratio of 0.112^:0.004. 

Apart from statistical error, the other uncertainty is due to the folding of the 
Compton distribution, and in the estimation of the areas under the beta and 
gamma spectrum. A calculation was made to see how much error would be intro- 
duced if the half-width of the gaussian curve deviated from obeying the -s/E 
law. Dependences proportional to E^-^ and Eo,® were investigated. From this 
it was concluded that the error introduced is less than 1/10% in the final result. 

Finally an error in the determination of the end -point of the positron spectrum 
would introduce an error in the value of Because of the assumed linearity 

in energy scale, this would tend to introduce a linear systematic en’or(a8 distin- 
guished from any due to the apparatus itself). In Table 2 the end -points are tabu- 
lated for various runs together with uncertainties. From tins table the systematic 
error introduced in this way is estimated to bo less than 1-2%. Thus allowing 
for this our fc//?+ ratio would at worst become 

e//^+ = 0.112+0.000 

resulting in the Fierz term (see Discussion) 

-0.004+0.013. 


DISCUSSION 

The c.onipuicd value of elfi+ is somewhat hotter than that of Sherr and Miller. 
The theoretical value of e///'- is 0.1135+0.0020, when corrected for sereening 
and 6.5% L-(;apturo (Rose and Jackson, 1949). The value of <W"^> for W 
— 2.061 for Na-22 is 0.7. The Fierz term is computed from the expression 


h ^1^0 1 

2[l+R/Ro< lF-i>] 


0.004+0.012. 


Na-22 is perhaps the ideal case for determining the Fierz term because of the low 
Z involved. It is very unfortunate that the end-point of the positron spectrum 
IS not known well enough to attempt any further refinement in experimental 
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TABLE I 




(a) (b) 

fl + . »+. 

(c) 

(d) 

Run No. Condi Lions 

1 . 28 (> .50 kov) 

1 28 (> 0 kov) 

Nj.aa cpB 

A = (b)/(c) 

Sour 00 

1. 2" of Ph shield at 
4". y-ray oh. 
width = 3.5 volts 

64 08 ±0.18 

67. 48 ±0.19 

75.21±0.11 

0.898±0.003 

No. 1 

2. No shiold. oh. 
width 3.5 volts 

64 23 ±0 19 

67 63-1-0.20 

75 24 ±0.15 

0.900 ±0.003 


3. No shield ch. 
width = 3 volts 

57.82±0.22 

60 88±0.2;i 

67.76±0 15 

0.899 ±0.004 


4. 2" of Ph Hliield at 
4". y-riiy ch. 
width = 3.5 volts 

48.31±0.14 

50.87±0 15 

56 62 ±0 10 

0.900±0 003 

No. 2 

5. No shield oh. 
width~3.5 volts 

48.07±0 17 

50 62±0.]8 

56 31±0.]1 

0899 ±0.004 


(1. No shield ch. 
width = 3 volts 

42 78±0.13 

45. 05 ±0.14 

50 11 ±0 10 

0.899 ±0.003 


f = 1 -A - 

0.101 ±0.003 


Average value of 


. . 0 101±0.003 

" ' ^ 8/899±()' 003 =0.112 ±0.004 

A = 0 899 ±0.003 


TABLE 11 

End -point energies of j)OBitron spectrum 


Kim No 


Nnd-poini (koV) 


1 

2 

3 

4 

5 

6 


646i;ll 
541 ±10 
648±11 
639 ±10 
640±10 
644±11 


TABLE III 

Summary of results on Fierz term 


Nucleus 

Transition 

Wo 

Iqt 

Roforonce 

Ga-68 

lt->2+ 

4 70 

-0.03±0.02 

Kamaswamy, 1960 

Co-58 

2+->2+ 

1.924 

-0.004±0.014 

„ 1968 

Nn.-22 

3+->2+ 

2.061 

-0 004±0.012 

present work 
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techniques to measure el/i+ ratio. In any case it has been demonstrated that the 
plastic scintillation counter can be effectively used m the study of beta spectra 
and precision results obtained if analyzed with caution. 

CONCLUSIONS 

A reinvostigation of the electron capture to positron branching ratio in the 
decay of Na-22 has been made with somewhat greater precision than has been 
possible before, using a 47r plastic scintillatoi’ and a gamnui counter in coniunction 
Avith double and triple coincidence techniques. The result for ratio is 0.112 
J 2 O.OO 4 . It is suggested that the beta spectrum end-point bo measured with greater 
precision to make much more meaningful estimates of the Fiorz term. It would 
he further of interest to measure if //?“*■ ratios in unique forbidden transitions 
allowed only by Gamow-Tellor selection rules. 

ACKNOWLEDGMENTS 

The author wishes to thanlc Professor L. Madaiisky for valuable suggestions 
and illuminating discussions. 


APPENDIX 

SUMMARY OK KIERZ INTERFERENCE IN UETA DECAY 

In this section the conclusions regarding the status of Fiorz interfeience in 
Gamow-Tellor transitions as indicated by our nieasuremoiits reported here and 
elsewhere are summarised (I’able III). 

Gerhart (Gerhart, 1958) has made an excellent analysis of Fierz interference 
in Fermi transitions and concludes = 0.0():J:::0.12. A brief review of Fierz 
interference in beta-decay has been recently given by the author(RamaBwamy, 
1959). From Table 3 one sees that the best evidence for the smallness of the 
Fierz term in G-T interaction comes from Na-22. Konijn tt al have summarized 
(lata regarding the Fierz term as determined by the ratio technique. They 
conclude that 6^^- =~ 0.007^0.010. 

From evidence presented above and from Gerhart s analysis one can conclude 
that the Fierz term in allowed transitions is practically zero. Before parity 
nonconservation was discovered the Fierz term in G— T transition could be express- 
ed as 

h 

fc^p+iOri* 


2 
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The smallnesB of h could be interpreted as implying that or was 

small . With the discovery that parity is not conserved in beta-decay, the defi- 
nition of b has acquired the extended form 

I Re 

^ rC'^? + |Cj.p+|6VP + |Cj.'> 

where 

C'^, are the j)arity conserving and 

' T I)arity non-conserving coupling (ionsiants. 

The *s denote complex conjugation resulting from a possible violation of time 
reversal invariance. 

With the new definition of 6, the smalhiess of h means 
Re{G^GT*-[-GjV^'*) = 0 . 

This implies that 

£a' 

0/ C’-*- 

Nothing more can be said concerning the coupling constants unless the relation 
between the parity conserving and non-consorving coupling constants is known. 
Tt is now established from electron polarization moasurcraonts on pure Gamow- 
Teller transitions that cr — 1 

Thus the parity conserving and non- conserving couiding constants seem to have 
Stbout the same strength. The loss of definitivoiiess of the Fiorz term is one of the 
coiiBoqueiices of the discovery of parity non- conservation. 
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THE INFRARED SPECTRA OF ORTHO META AND 
PARA THIOCRESOLS 

R. N. BAPAT 

Physics Department, CoUiEGE op Science, Nagpur. 

ABSTRACT. The infrared spectra of the o-, w-, and p- thioerosols were taken on 
the Perkin Elmer infrared spccirophotoinoter between the region 2 t,o 15 microns. The S-H 
Htrotohing frequency is reported to he near about 2680 cm~i. This characteristic frequency 
was observed to be present in all the three molecules the values being 2677, 2677 and 2671 
cm” I in ori/ho, meta and para thiocresols respectively. The frequencies arising out of phenyl 
and methyl parts have been assigned to their roapeotive modes of vibration. 

INTRODUCTION 

The ultraviolet vapour absorption of these molecules was undertaken and to 
assign frequencies to definite modes of vibration, it was thought necessary to take 
the infrared spectra of those molecules as the data were not available. The samples 
were supplied by Eastman Kodak Company. The infrared spectra of toluene, 
tliiophcnol and cresols are known and a comparative study in a tabular form is 
(jarried out to bring out the broad features in the spectra of these molecules with 
the substitution of SH in thiocresols m place of OH in cresols. 

EXPERIMENTAL 

The infrared spectra of all the three molecules wore recorded on the Perkin 
Elmer infrared spectrophotometer using sodium chloride optics. In case of 
para thiocresol the substance was dissolved in carbon tetrachloride and then 
introduced in between the plates of sodium chloride and the thickness was 0.1 mm 
and kept in the absorption path. The other pair of plates contained only carbon 
tetrachloride and was kept in the absorption path in front of the second aperture. 
The light source is divided in two beams and one passes through the solution and 
the other through the solvent. In the case of meta and ortho thiocresols the 
substances were introduced directly in between the plates having the film thickness 
of 0.025 mm and kept in front of one of the apertures. In front of the second 
aperture only one plate of sodium chloride having the same thickness as the total 
thickness of these two plates was kept. In case of broad bands, in order to define 
them further the strength of the solution was made less in case of para thiocresol 
while in case of meta and ortho thiocresols the film was made thin by intro- 
ducing a drop between the plates and pressing them together. In figures 1, 2 
and 3 the infrared spectra of the three molecules ortho, meta and para thiocresols 
respectively are given. 
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RESULTS 

All these throe meloculos show an absorption band near about 2580 cin“^, 
and another absorption band between 1200 and 1210 cm"^. All the bauds ob- 
served in the case of the three molecules are given in Table 1 together with 
the infrared absorption bands for toluene, thiophenol, ortho, nieta and para 
crosols for ooinparing them with the absorption bands in ortho, meta and para 
thiocresols with the intonsities for the same. 


DISCUSSION t 

Of the three cresols, p-thiocrc.sol belongs to the symmetry and the other 
two to Cg symmetry. Para-thiocrosol has 15 A^, 3 Ag, 14 Bj, and. 10 Bjj vibrations 
whereas ortho and meta thiocresols have 29 A' and 13 A" vibrations. Except for 
the 3 Ag vibrations in case of para thiocrosol all others are atitivo both in Raman 
and infrared. The assignment of those vibrations is proposed on tlui basis of 
comparison with thioiihenol on one hand and toluene on the other. These are 
also compared with the con'espondiiig cresols. 

The phenyl vibrations : 

Table II gives the correlation of the phenyl vibrations^ (Herzfeld et al, 1946) 
with those of thio- cresols. The six C-(l stretching vibrations including ring 
breathing vibration are assigned to the frequencies as indicated in table. The 
vibration 1596 of benzene gives rise to two bands around 1600 corresponding 
lo rq and 6j m and a' in C,. It is important to observe that the corresponding 
bands are rather weak in para thiocreaol. Inparacrosol there are two strong bands 
lit J 600 and 1616. In ^i-thiocroaol there is only one strong maximum near 1631 with 
sliimlders at 1575 and 1608. The bands 1631 and 1608 are assigned to these two 
tiiodes in p-thiocresol. Two bands are also expected corresponding to 1485 
oi benzene. This region is, however^ complicated by the fact that there arc also 
bands corresponding to symmetric and asymmetric C-CH3 bending vibrations 
111 this region. Two bands one near 1480 and other near 1400 are assigned to these. 
The breathing vibration 992 a^g of benzene drops to between 772 to 789 in 
tlnocresols. 

The C-H stretching region near 3000 cm"^ is not well resolved and only a ten- 
tiitive assignment is proposed. The C-H in plane and deformation vibration lying 
between 1280 and 1600 cm~^ have been assigned. It is observed that the spec- 
trum of the meta compound usually gives rise to a number of strong bands in this 
region. Prom the correlation of other benzene derivatives the assignments given 
in the table are proposed. The out of plane deformation vibrations are 
assigned by comparison with other disubstituted benzenes. 
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2584 (s) 2590 (w) 2577 (m) 2564 fra) 2577 (m) 2571 (w) 



Toluene Thiophenol o-CreaoI o-Thiocresol m-Cresol MJ-Thiocresol p-Cresol ^i-Thiocreeol 

cm-i Int. oin“i Int. cm-i liit. cm-i Int. cm"^ Int. cm-^ Int. cm-i Int. cm-i Int. 
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1736 (m) 1736 (b) 1745 (w) 1733 (w) 1730 (ah) 1730 (w) 

1730 (%-vr) 

1712 1712 

1675 (w) 1706 (sh) 1680 (m) 1695 (wj 1698 (wj 1698 (sh; 

1684 (VW; 






3 
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TABLE II 



Vibrations 

from benzene 

ring 



Benzene 

jo-thiocresol 

o-tliiocruBol 

m-tldoci'eael 


HoA 

C 2 B 

c. 

c. 

C-C 1 

BtretoJiingJ 

Ct^g G02 

789 ai 

1232 61 

772 a' 

772 a' 


bjM 1310 

1250 a' 

1272 a' 


14813 

1497 ai 

1475 a' 

1479 a' 


eju 1485 

1403 61 

1408 a' 

1401 a' 


eaj, 1590 

1631 Ml 

1595 a' 

1603 tt' 


fig 1500 

1608 bi 

1577 a' 

1582 a' 

C-H 1 

e^ig 3047 

Human 

— a' 

Kaman 

HiretohmgJ 

3136 bi 


3117 a' 


biu 3000 

Rumaii 

— a' 

Mamau 



3051 ai 


3055 a' 


eiu 3080 

— ai 

3007 ft' 

3067 a' 


Uig 3062 

3030 ai 

3021 a' 

Bumun 

3176 a' 

C-H 1 

inplane dofor- J- 

6.ig 1178 

1182 ai 

1159 a' 

1168 0 ' 

iiiaiion J 

eiu 1033 

1019 ai 

1035 0 ' 

1019 a' 


62 tt 1110 

1115 bi 

nil ft' 

1109 a' 


(l^g 1326 

1271 61 

1280 tt' 

1282 ft' 

C-H 1 

out of plane ^ 

ejg 850 

810 63 

797 a" 

803 ft" 

deforniationj 

®au 070 

950 a 2 

988 a" 

982 a" 


6214 970 

827 bi 

856 a" 

853 a" 


62<7 985 

913 63 

924 a" 

919 ft" 

C-C 1 

inplane bendingj 

biu 1010 

1099 

1070 a' 

1083 «' 

C2g 006 

639 ai 

661 a' 

685 0 ' 


62(7 000 

61 

552 a' 

523 a' 

C-0 1 

big 703 

(-) bi 

676 ft" 

670 a" 

out of plane j- 





bonding J 

62(4 404 

{—) «2 

432 a" 

410 a" 


6214 404 

(-) 52 

146 a" 

147 a" 

C-X 1 
stretohingj 

e,u 3080 

(-) 61 

686 a' 

686 a' 

1218 a' 

62(7 3047 

1211 flti 

1217 a' 


Infrared Spectra of Ortho, Meta and Para Thiocresols 303 


TABLS II (cnntd.) 


• 

Benzene 

p-thiooresol 

Civ 

o-thiooroBol 

Cg 

w-tliiooreBol 

c. 

C-X 1 

1083 

(~) 61 

(— ) a' 

(— ) a' 

inplane bondingj 

Czg 1178 

(— ) b. 

(— ) 

(— ) 

C-X ] 

Onu 671 

(-“■) 62 

(— ) a" 

(— ) a" 

out of plane J 
bonding 

e^g 860 

(-)«z 

(-) a" 

(— ) a" 


TABLE III 


Methyl vibrations in the three cresols, toluene and the three thio cresols 



Toluoue 


CreHols 



ThioorosolB 



0 - 

m- 

p- 1 

0 - 

m- 

p. 

Aflymmotrio 

iStrotching 

2920 

2933 

2907 

2915 

2941 

2941 

2924 

iSyminotnc 

tStrotobing 

2870 

2874 

2833 

2874 

Expooted 

(2870) 

Banian 

(2870) 

Expected 

(2870) 

Syirimotric 

bonding 

1377 

1376 

or 

1399 

1364 

1380 

1381 

1383 

1379 

Asytmnetrio 

bending 

1460 

1436 

1461 

1440 

Kainun 

1488 

1433 

1456 

1435 

1462 

1443 

1462 

1429 

1461 

14037 

Rnoldng 

1081 






_ 

1041 

1043 

1042 

1044 

1046 

1041 

1041 


The inplane ring vibrations corresponding to 606 of benzene give rise to 
two bands usually one above 606 cm“^ and other below this value. The assignments 
of 552 and 553 cm“^ in case of ortho and meta-thiocresols of one of the components 
18 given by the Baman data. Out of plane ring vibrations corresponding to 
703 of benzene is assigned to a weak band at 676 cm"^ in ortho and meta 
thiocresols. The others are discussed in Raman effect. The substituent sensitive 
vibrations from the phenyl part are tabulated. In this stretching vibration one 
should correspond to C-CH3 stretching (Pitzer and Scott, 1943) which is usually 
found near 1210 cm-^ and the other C-S stretching. The latter vibration is known 
to occur near 680 cm-^ as in other mercaptans (Sheppard, 1960). No definite 
assignment can however bo made. The position of these and the corresponding 
C-S in-plane and out of plane bending is not satis- factory. 
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Methyl group gives rise to three C-H stretching and three C-H bonding and 
two rocking vibrations. The general trend in these vibrations has been shown 
by various workers (Shappard, 1953). The assignment of CH 3 modes is shown 
in table III. • 

The S-H stretching frequency is observed to be present at 2677, 2577 and 
2571 cm“^ in ortho, raeta and parathiocresols respectively. 
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Plate Vn 


ABSTRACT. Gomomefcorio and X-ray study of single crystals of »»-toluie aoid 
shows that it belongs to moiioclinio class. Crystallorgraphic data resulting from the above 
study IS given by 


a = 10 5lA, 6=8.01 A, c=16 49A, /?=02'’ 46.5^ 


Number of iiiOGules per unit cell = 8 


WoisHoinberg photographs about oryatallograpliic axes showed that {hoi) planes aro 
])roHont when 1 ih oven and {oho) pianos ao ]jroaent when k is even, Tho crystal belongs to the 
Hpa(3e gioup CSjj^ — and so each ouo of the four aHyrnnietnc units is coiiiposod of two 
luoloeulos. 


CHa 

m-Toluic acid or m-m ethyl benzoic acid has structural formula 

sycoon 


Ko goiiiometric or X-ray data are available for it. Single crystals of m-Toluic 
acid of suitable size were prepared by slow evaporation of the solution of the 
substance m ethyl alcohol. Tt gave prismatic crystals with six faces in one 
zone and having a tendency of elongation along this zone axis. 


Goniometric measurement of the zone containing faces parallel to needle 
axis was made Rotation photograph about four selected zone axes were taken 
(Plate VII). Axial parameters thus got were further refilled with tho help of 
*(1)0.12), (10.00), (00.14) reflections from Weissenberg goniometer photographs and 
aro given below 


a = 10.51 A 

h = 8.01 A 

c = 16.49A 
P = 92‘’46.6' 

The interfacial angles measured and as calculated with the help of above 
axial paiameters are given in Table I 

The density of the crystals was determined by the floation method. The 
lighter liquid used was kerosene oil and the heavier carbon tetrachloride. Density 

306 



306 


B. G. Srivastava 


thus determined is 1.239 gm./cm®. Thus the number of molecules comes out to 
be 8 per unit cell. 


TABLE I 

Indicos of 

the faces 

Moasored 
interfooial angles 

Calculated 

angles 

100 : OOl 

92“ 45' 

a 

OOT : 102 

34“ 4' 

37“ 3.6' 

102 : lOO 

50“ 18" 

50“ 10.6' 

Too : 001 

02“ 48' 

fi 

001 : 102 

.37“ 7' 

37“ 3.5' 

102 • 100 

40“ 58' 

50“ 10.6' 


Zero layer line Weissenborg photographs along a and b axis and 1st layer 
line equi-incjlination Weissenberg photograph about h axis were taken. On 
indexing them the following extinctions were observed. 

{hoi) planes absent for I odd. 

{oko) planes absent for k odd. 

No systemetic absence in the general planes {hkl). 

The space group of the crystal k therefore The number of 

asymmetric units per unit cell necessary for this space group is four, so two 
'molecules form one asymmetric unit. 
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PLATE VII 



rig 1. 

Aboul c-a\is 


Hig 2. 

Aboul /)-axis 


Fig 3. 
About fl-axis 




Rotation photogiaphs of m-toluic acid. 
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ON WAVE SOLUTION OF FIELD EQUATIONS IN 
EINSTEIN’S UNIFIED FIELD THEORY* 

N. N. GHOSH 

Santinlketan, West Bengal, India 
(iieceiuerf for puhlhcation May 26, 1969) 

ABISTHACT , A static nou-symmetric tensor field gfn. with 4 symmetric nomponouts 
Sijc, Stntrn ^nn> ^ll 7n,,n, I = 1, 2, 3, 4) and ono anti-symmetnc component Offm (Iho rest 
IjoiiiR nil zeros), involving either the coordinate or the coordinates Xm is made noii- 
Rliitic by changing x/c into X}. -\ exi where e is a oonatniit. On solving the relevant field 
o((u itions in the ‘strong’ form it is found that such a wave aojution is generally spurious, being 
ti ansformablo into coi responding static solution. It is, however, observed that if the field is 
not spherically symmetric non-trivial solutions in wave form may be constructed. 


1. INTRODUCTION 


In a recent paper (Ghosh. 1957) a type of non-static sohition of Einstein’s 
field equations in ‘strong’ form was studied with respect to the tensor field g^p 
having the following structure : 


Ot^v — 


Sfck 0 0 ajii) 

0 ^mm ^mn ® /k, 171,71,1 \ 

^ ^nn 0 3, 4/, 

—aki 0 0 8ii 


... ( 1 . 1 ) 


where Sk^, Hi functions of (Xk + exi), e being a constant and S„n, 
are each expi-essible as the product of a function of Xk -f exi and a function 
of x„j, of the type 


^mtn — "H 

^n« + ea?#„rtK,), ■■■ (l.Ji) 

Oil completing the solution of the relevant field equations we were led to make the 
following observations : 

(a) The ^’s in (1.2) satisfy an auxiliary differential equation involving a 
parameter A which can take negative, positive or zero values. When A is negative 
the equation gives = sin^aj^, which corresponds to a spherically 

symmetric field. When A is positive we get = 1, — sinh®®;^ f^^r 

A - 0 the f’s are transformable into constants. 


*An abstract of this paper was read at the forty-sixth session of the Indian Soience 
llongress, 1959, 
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(b) A solution of ^’s with A 9^ 0 in the above wave form is generally spurious 
as it is transformable into the corresponding solution for the static held. 

(c) When A = 0 new static solutions are obtained, but with further restric- 
tions, non-trivial solutions in wave form can be constructed, where the field compo- 
nents are functions of the argument Xi^ -j- exi only. 

The object of the present paper is to consider a special case of the above in 
which the tensor field (1.1) has only a single non-zero anti-symmetric element 
other one being zero) and to show that the above statements are in general 
maintained. 


2 . S Y S T M OF F 1 E I. D EQUATIONS WITH =-- 0, a^n # 0. 

To obtain the field equations in terms of non- vanishing F’s we make use of the 
general formulae given in ojie of my earlier papers (Ghosh, 1955). The relevant 
equations are R/^j. = 0, Ru 0, R^ — 0, R^^n — 0, R^n — 0 of which the 

“ V 

first three are linearly connected. Without going into details of the computation 
which is similar to that contained in my previous paper (Ghosh, 1957) we at once 
start with the following simplified set of 4 mutually independent field equations : 

-A,., 4 + r«i) - = 0. ... (2.1) 

ria.t + 7uk{^k - hkkk + lym) 

•I- e* Lr».j. + rui(^j6 - \ym. + intt)] = o. 


— lykll + Ijllk) 


^kk 

^ ' 'Su 


V^k^k + ^k{-^k — \yilk + — 


mn i(vL_, 


(2.3) 


^kyk + ^k{^k — \ykkk + iyi?*) 

4-t2 [.4,,,. + Ai(A^ - \yuk 4- iVMt)! = 

*11 


mm f^m) 


In the above 


(2.4) 


^k === (0«j,m0Hnw.iL + 0Hm0inn»Jfe)/(0%Hwt + 0®wn), 

Bf. ™ {^mv^mntfk 4^mm4^mnik){{^^mm H~ 0^w«)* (2.^) 

f{^ m) \\ynnm>m \ynrwSymmm Tn»im)]» 

the symbols like {yuck, ynnm denoting respectively Sj,i,,jclSkTt and Snmml^nn- 
Further, wo have the condition 

(94V» + ^0, ... (2.6) 


which ensures uniqueness in the solution of T’s. 
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The system of equation = 0 are identically satisfied and does not contri- 

V 

bute any additional equation. 

In the equations (2.3) and (2.4), there is a part which is a 

function of only, while the rest involves only scjb + txi and therefore, for 
consistency, wo must have the auxihary equation 

= A ■ constant) (2.7) 

This equation has been discussed in an earlier paper (Ghosh, 195(3), leading to the 
statement (a). 

3. SOLUTION OF FIELD EQUATIONS WHEN \ 0 

To solve equations (2.1—4) we adopt the procedure similar to tliat followed 
in my previous paper (Ghosh, 1957). 

Introduce two now variables P, Q, functions of Xk-\-exi, defined by 

P 

then e^S,^l8u = QjP (3.2) 

and yijcji — 2A}„]ejA]i,-\-Ai,~Pi.!P, 

ym = ^-^hijcl-^ii-V-^h—QklQ’ (3.3) 

Substituting from (3.3) in (2.1) wo get 


Using (3.4) let us rewrite (3.3) as 


Juh 



(3.4) 

_ Of , 

- A,’ 

(3.6) 

_ n . 

P Ai/ 



If we insert (3.2) and (3.6) in (2.2), it takes the form 


\dx^ 2 P 


iQk 

■2« 




= 0 , 


where 


dM _ P u+Qu , Bh. 
dxj, P+Q A 


... (3.6) 


(3.7) 


4 
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where h \h a, complex constant of integration, h — The general solution 

of (3.20) may bo presented in the well-known form 

gAf-hff-fis — ^ aach^h^M -\-k)l{^ib)f ... (3.22) 

where k is an arbitrary comjilex constant. 

It may now be proved that the real part of h in (3.22) must be J. 

From (3.21) reverting to the variable X]^-\-€Xi we get 

= MiJ^[Ub (0/nn+^0f»»n)+4(^o+i/ti)]. 

Equating the real parts in the above, we have 

... (3.23) 

which, in view of (3.14) and (3.18), gives “ i ■ 

For the final solution with A 7^ 0 we have to ebnsider the equations (3.22), (3.12) 
and (3.10). Thus 


^ [h BQch^h^M^k)l{-ib)], 

... (3.24) 

SuSu = g*, ( 

... (3.26) 

Sa + m,. = 

... (3.26) 

whore M is an arbitrary function of xjj. -f exi, k is an arbitrary complex constant, 
h is a complex constant of the form and 5, Cj, G’ are real arbitrary constants. 

The three equations written above give the solution of the field components 
apparently as functions of + cxi. Consider now the transformation 

x'k + cxi, x'l = 4>{xi:, Xi), 

(3.27) 

where 


50 _ — eSu d0 _ Sii 

dxh e%k + Sii ’ dxj + Su ’ 



then the above solutions may be presented as involving one viable x'^ and 
are of the same form as obtained by Boimor (1951) for the static field. 


4. S O J. IJ T T O N F O It A SPECIAL CASE WITH x 0 

Heturning to the equation (3.6) wo notice that it is automatically satisfied 
if as defined in (3.7), identically vanishes. Let us consider now the special 
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case with M]c -- 
valent to 

= 0. Refen'ing to (3.4) and (3.1) this condition is seen to be equi- 

*. 1 


— log (S„ + e»Si,) = 0 

... (4.1) 

whence 

Sa + = a (a constant). 


Again, from (3.1) we have 



1 e® P Q 


Therefore 

SuSii = 

... (4.2) 

Consider now the equations (3.15) and (3.16). We note, first of all, 
denotes the expression 

that if L 


(ShSu)* 

(<^\m + 

... (4.3) 

then 



Inserting this and (4.2) in the equations (3.15) and (3.16) we got 




... (4.4) 



... (4.6) 

where 



We also find that the equation (2.1) gives 



Ai,t-At-^- = \(Ah-'Bh) 

... (4.6) 

Adopting the method of Wyman (1960) to solve the equations (4.4) and (4.6) in 
conjunction with (4.6) the solution may be presented in the form 


<l>mn + ^ sech^ {h^x + *)/( - i/?), 



dx r 

(4.7) 
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where x is an arbitrary function of xjc + exi, is a complex constant, is a 
pure imaginary constant. Further from (4.1) and (4.3) we have 

Sii -h = a, 

SkkSii = ^ j ■■■ (4.8) 

The transformation (3.27) applies to this case also and the solutions are found to 
involve one variable x'^ and thus belong to a static field. Omitting the primes 
we write the solutions as follows : 

4>mn + ^ sechVi^a; + *)/( ~ 

Sii = a, ... (4.9) 

^ M 

where x is an arbitrary function of Xk, h, h, /?, a being constants as before. The 
solutions (4.9) for a static field have been discussed by Bomior (1951). 

C. SOLUTIONS FOR THE CASE 

When A = 0 the field components are all functions of a;* + cxi and do not 
involve x^ (Ghosh, 1956). Wo shall consider now two cases, {i) P-\~Q ^ 0, (ii) 
P-\-Q = 0. lleferring to (3.17) and (3.18) we have for the first case the equations 

= 0 , ... ( 6 . 1 ) 

= ... (5.2) 

Using (5.2) in (3.14) we have also 

AS-B\-\-2AkMk = 0. ... (6.3) 

Making use of (3.19) in conjunction with (5.3) we can integrate the equations 
(5.1,2) and obtain as solution 

^mn + = *: e(«l + ... (5.4) 

where M is an arbitrary function of x^. + exu h is an arbitrary complex constant 
and and ol^ are two constants connected by the relation 

- a2® + 2ai = 0. ... (6.6) 

The components 8ii are given by (3.25) and (3.26). If we now apply the 
transformation (3.27) the solutions are all transformed into the static form involv- 
ing one variable x'j^. 
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In. the special case with JIf j = 0 considered in § 4, we also get a static solution. 
The equations (4.4, 5) become, when A = 0, 

= ... ( 6 . 6 ) 

= 0 ... (5.7) 

with A% - =[0. ... (5.8) 


These equations in conjunction with (3.19) will give the solutions for and 
while the set of equations (4.8) gives Sn. If we now apply the trans- 
formation (3.27), the first set of solutions is transformed into the static form 
considered in one of my earlier papers (Ghosh, 1956) and the second set gives the 
solutions for Su as in (4.9). 

In the second case, since P-\-Q — 0 we have Su -j- ^ consequently 

ykik = yiik' Substituting those in the original system of equations (2.1 — 4) and 
remembering = 0 we notice that the last throe are automatically satisfied 
and we are left with the equation (2.1) expressed as 

- -\{A% + B%) - 0. ... (6.9) 

This furnishes typical wave solutions. Setting 

a, V being arbitrary functions of xi + 6Xi and introducing a function w defined 

by the equation == 2w,]clw 

that is, w ly — 4(1 -f v^Yu,]^ ly,* 

the solutions may be presented as follows : 

Su = C'u,uW, Su=—t^8^, ... (.5.10) 

Smm = Snn = 

The exact wave solutions as obtained above relate to a tensor field having plane 
symmetry (Taub, 1951). A field with spherical symmetry is found not to admit 
such wave solutions. 
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ABSTRACT. Cyro-frequenoiea in tho E, FJ and F2 rogions of the ionoephero ovei 
naringhiita (Goographic lat. 22.9"N, Geomag. lat. 12.5“N) have been calculated from the moa- 
Buromente of ordinary {fi^) and extraordinary (f^) critical froquenoieR. It is found 
that the magnetic fields calculated thorofiom are highor than those expected from extrapola- 
tion of the magnetic field at ground-level to the heights of tho regions by inverse cube law. 
Further, the E region gyro-lroquoncy has a marked somi-ihurnal variation with a minimum 
near midday. This result is similar to that obtained by Scott at high latitudes No diurnal 
variation is found in the P^l and F2 legions, though, the values near midday in tho FI region 
are lower. Possible causes of the E-region gyro-frequency variation are discussod. No 
satisfactory explanation la, however, obtainable. 

In tho F2 region, the average winter value of tho gyro -frequency is found to be about 
9% greater than tho summei' value. Seasonal variation, though of a largei' magnitude 
(20%), has also boon obtained by Scott at high latitudes. 

The frequency differonco ( /» — fa) is found to be dependent on the ordinary critical 
frequency {fa), the values at high frequency being lower than thoao at lower frequency. This 
is as may bo expected for the case of quasi-transvorse propagation. 

INTRODUCTION 

Appleton and Builder (1933) wore the first to show how the difference of the 
oritioal frequencies {fx—fo) is related to the intensity of the magnetic field in the 
ionosphere and hence to the so-called gyro-frequency {fjj). Many estimations 
of the mag;notic field and of the gyro-frequency have been made in different parts 
of the world from tho measured values of fa,—fo, both for the E and the F region. 
However, as the brief accounts of the experiments given below shoiv there are 
many unexpected anomalous results. These have not all been fully explained. 

Gryo-frequency in tho F region at Slough was determined by Appleton by the 
above method in 1934. The value of the magnetic field in the F region was found 
to be 0.42 Gauss. This was consistent with that obtained from extrapolation 
by inverse cube law of the ground level field. Scott in 1960 estimateTI the magnetic 
field in the F region at arctic stations by the same method. The results, however, 
showed that the calculated field dvom the gyro-frequency is higher than the extra- 
polated value. Scott also found large diurnal, seasonal and other irregular 
variations in the calculated field. The field obtained from the longitudinal mode 
was usually found to he lower than that from the transverse mode. These pheno- 
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uiena are ascribed by Scott as due to the ray path deflections (figure 2) poupled 
with normal latitude gradients of ionization. 
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m 

o 
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Fig. 1. Typical h' —f rocorclH obtained at Ilai'ingliata. 

ELECTRON DENSJTV 



Fig, 2, Diagram illustrating tho doviaiions of tho ordinaiy and extraordinary rays iii tho 

Ionosphere. 

Scott (1961) has also estimated the magnetic field in the E regions at high 
latitude arctic stations by the same method. His results show that the calculated 
5 
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magnetic field was lower than the extrapolated value. At one of the stations, 
a largo semi-diurnal variation of the gyro-frequency was found. Scott has sug- 
gested that this may he due to a variable concentration of heavy ions rising over 
4,000 times the density of free electrons. 


THEOKEl’ICAL CONSIDERATION 


In the case of free-olectron ionosphere the gryo-frequency is given by 


where 


f = ^ 

^ 27Tmg 

H — magnetic field in the ionosphere 


... ( 1 ) 


eg = charge of an electron 
and nig — mass of an electron. 

It can be shown that in such an ionosphere when critical frequency is greater 
than the gyro-frequency and the mode of propagation for the frequency is quasi- 
transverse. 


Jm 



fs 


... (2) 


where = /o 

From above, the value of H in terms of /„ and /o is given by 


27rmc 


I 2A/- 


AVI 

/. J 


.... (3) 


We can make an iiidepeiideut estimation of H at tho height (A) of the ioncs- 
pheric regions from the intensity of the magnetic field (Hq) at the surface of tho 
earth by tho inverse cube law : 



whore JK is the radius of the earth. 


(4) 


Eq. (2) is for the case of free electron ionosphere i.e. when heavy ions are absent. 
In the presence of heavy-ions, Scott (1951 ) has shown that 


i = - (5) 




Gg . m j 
Ginig 


whore 
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e,‘ — charge of ion 
vfii — mass of ion 
Ni = density of ion 

and Ne = density of electron 

The above equation may be utilised to find the values of A from the measured 
values of and /<, for assumed values of fi and /^. For this purpose, the value of 
obtained by extrapolation of the groun level magnetic field by inverse cube 
law may be substituted. 

Eq. (2), which is valid for quasi-transverse propagation can also be written 


A -fsfx - A = 0 
When solved for /j,, wo got 

/* = i{ /fl+ 2 /.V’ 


If f^ < 2/„, we get from Eq. (7) 


A/ = 

Hence approximately, 


^fn I Jh_ fu _ .fn 

~ O ■ 


('fS 


8 /o 128 \ U 


A f & 1 Jh fn 

- 2 + 8 ■ h 


+ • 


8 /o 


... ( 6 ) 

... ( 7 ) 


... ( 8 ) 

... (9) 


The critical frequency difference between the 0 and X components for the Q.T. 
mode of propagation is thus found to bo dependent on /q. If the value of 
obtainod from extrapolation of magnetic field at ground level is substituted in 
Ecj, (9), A/ will be lower for higher values of /g and vice versa. 

EXPERIMENTAL RESULTS 

To find the gyro -frequency and its diurnal variations, if any, in the E, Fl 
and F2 regions, h'—f records for the months of February to December 1956 
(year of low sunspot activity) were examined. For the E and Fl regions, the 
records at intervals of 30 minutes were considered. Only the records in which 
simultaneous measurements of the ordinary and extraordinary critical frequencies 
could be measured accurately were considered. The critical frequencies {fx, fo) 
of E, Fl and, of the F regions at night, could be measured accurately up to 
Ji0.06Mo/s. This is because the logarithmic frequency scale in the h'~f records 
permits higher accuracy at lower frequencies. Measurements for the higher 
values for the F2 region during day time were less accurate. 
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The average diurnal variations for the equinoxial months (March, April, 
Sept, and October) of/g, as calculated from/a; and/j, for the E, FI and F2 region 



LM.T 

Fig. 3. Diuvual variation of iho gyro-lroquoncy (moasurod from fj; and jo) in the E rogioi 


are shown in figures 3, 4 and 5 respectively. Tt is to bo noted that in all the regions, 
the values (average of all values) calculated from /c and /q are higher than the 



LM.T. ^ 

Fig. 4. Diurnal variation ot iho gyro-Irequenoy (measured IVom/a; and/o) in the Fi region. 

values expected by extrapolation of the magnetic field at ground-level. In the 
E region, has a marked semi-diurnal variation with a midday dip while in the 
Fl and F2 regions no such regular semi-diurnal variation is found except that 
the midday values in the Fl region are lower. 
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ri(». 5. Diurmil variation of tho gyro-froquency (maasurod from f-e and fo) in the F2 oregm. 


Due to the high absorption of tho extraordinary rays reflected from the F2 
region during daytime, tho number of records giving extraordinary critical fre- 
quencies during daytime was low. Tho diurnal variation curve of for the F2 
region between 0900 hr. and 1800 hr. (L.M.T.) is therefore shown by broken line. 
Table 1 shows tho average values (average of all values) of the gyro-frequency 
and tho magnetic field calculated from fx,fo f«r fhe equinoxial months in the 
E, FI and F2 region and, the theoretical values of tho same from the extrapolated 
magnetic field at ground-level by inverse cube law. 


TABLE I 



fn 

fu 

Majfiioiio 

MaRneiic* 

Jlegioii 

(fmm/*, /„) 

(from 

Hold (from 

fiolcl (from 


Mu/s 

inverse cube /*, /o) Gauss inverse cube 



law) Mo/s 


law) Gauss 

E 

1 20 

1.17 

0.43 

0.42 

FI 

] .18 

1.12 

0.42 

0.40 

F2 

1 14 

1.07 

0.41 

0.38 


Assuming tho presence of heavy -ions in the E region, mean houi’ly values of 
the ratio (A) have been calculated with tho help of Eq. (6) from the measured values 
of /a. and /(,. For this purpose, tho value of fi used was 4.33 X 10^ which corres- 
ponds to an ion mass of 24. (This value of ^ was also used by Scott in calcu- 
lating the values of A). Theoretical value of used was 1.17 Mc/s (from inverse 
cube law). The mean hourly values of A so calculated for the E region are 
shown in Table II. 
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TABLE n 


Hour 

(L.M.T.) 

fo 

Mc/s 

h 

Mo/s 

\ 

07 

2 30 

3 00 

-3830 

08 

2.70 

3.. 37 

-2120 

09 

3.13 

3.80 

-2660 

10 

3.20 

3 85 

-1090 

]] 

3.62 

4.09 

6440 

12 

3.62 

4.07 

8760 

1.3 

3.60 

4.20 

2960 

14 

3.20 

3.84 

- 277 

15 

3.10 

3.80 

-4910 

16 

2.82 

3.52 

-4680 

17 

2.40 

3.06 

- 390 


Tho calculated values of A in Table II show that most of the hourly values 
(except near midday) of heavy-ion concentration are negative. This, in other 
words, means that assumption of the presence of heavy-ions leads to impossible 
results. 

In the F region, the average nighttime value of the gyro-frequency is found 
to be 1.19 Mo/s in winter (Nov. —Dec.) and 1.09 Mc/s in summer (June- July). 
In this connection, it may be noted that when the fji values in the F2 region 
for the equinoxial months are plotted with the height of maximum electron density, 
tho plotted i)omts do not show the expected variation {f^ decreashig with increas- 
ing height). 

To find the dependence of A/ on only nighttime A'—/ records for the F 
region wore examined when tho F region critical frequency is low since these 
records peimit greater accuracy of measurement. The values of A/ wore found 
in throe frequency ranges of /q lying between 1.5 Mc/s to 2.5 Mc/s, 3.5 Mc/s to 
4.5 Mc/s and 6.5 Mc/s to 6.5 Mc/s with the centre values at 2.0 Mu/s, 4.0 Mu/s 
and 6.0 Mc/s respectively. The experimental results and the corresponding 
theoretical values expected according to Eq.(9) with the extrapolated value of 
f]j ~ 1.07 Mc/s at 300 km height are shown in Table III. 

DISCUSSION 

Tho gryo-&equency in the E region at Haringhata as obtained from the 
measurements of and /„ shows a marked semi-diurnal variation (figure 3) with 
a dip near midday. Similar semi-diurnal variations have also been found by 
Scott at Kesolute Bay (Lat. 74.7"N) and Baker Lake (Lat. 64.3'’N) . The value of 
the magnetic field, corresiionding to the dip in the gyro-frequency near midday 
at Haringhata is about 5000 gammas lower than the extrapolated value obtained 
from inverse cube law. The corresponding values as obtained by Scott are about 
13000 and 7000 gammas at Resolute Bay and Baker Lake respectively. No 



323 


Gyro-Frequency in the Ionospheric Regions 

satisfactory explanation of this diurnal variation of the deduced magnetic field 
has yet been offered. As shown before, calculation based on the assumption 
of heavy ions leads to impossible results. It may also be thought that as 
ifx—fo) depends upon/o and as/o has a diurnal variation, the origin of the diurnal 
variation may be traced to the/j, variation. But, the/j, variation, even in extreme 
cases, amounts to only 55%, and this is msulficient to explam the magnitude of 
the variation. 


TABLE 111 



ifx-h) 

ifx-fo) 

Frequency iiiugcs 

(Expei'imentul) 

Me/a 

(Theorotioal) 

Mo/a 

1.5 Mc/a to 2.5 Mc/a 

0.63 

0.01 

3.5 Mc/b to 4 5 Mf'./w 

0 00 

0.57 

5.6 Mo/s to (1,6 Mc'/s 

0.56 

0.50 


One may also be tempted to ascribe the variation to the superposition of the 
magnetic field duo to the wide-world upper atmospheru! Sq current system on 
the magnetic field cf the earth. Rocket meiujurements of the magnetic field at 
high altitudes [Maple 1951; Singer ei al, 1951 and Singer el rd, 1952] have 
estabhshed the location of the current system near E region. If the current system 
18 assumed to bo an infinite horizontal plane current-sheet then the field due to it 
in the E region will be of the same order as that near ground, namely, about 30 
gammas near midday. The observed diurnal variation of the gyro-frequency 
cannot, therefore, be an effect of the Sq. current system. 

F region observations show a seasonal variation in the magnetic field. Thus, 
Baral and Mitra (1950) from observations of the critical frequencies over Calcutta 
had found the value of the magnetic field in Winter to be higher than in Summer. 
Scott has reported a large seasonal variation of 20%. Our observations show that 
Winter values are only 9% greater than the summer values. No explanation 
of this seasonal variation is yet available. 

Scott has also obtained diurnal and other irregular variations of the apparent 
magnetic field (from snd /q) in the F region. Our observations, however, 
do not show such variations. The reason of this may be understood from the 
explanation of these variations as given by Scott. According to Scott the varia- 
tions are due to the deflections of the ray paths from the vertical in conjunction 
with normal latitude gradients of ionization. He shows that the ordinary and 
extraordinary rays in rhe ionosphere follow curved paths, as a result of which 
they are reflected from areas which are displaced north and south of the trans- 
mitter. In the absence of .electronic collision, the ordinary ray is deflected to- 
wards the pole while the extraordinary ray is deflected towards equator in the 
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vertical piano of the earth’s field. In the presence of coUisions deflections of the 
ordinary and extiaordinary rays have a small westward component. The hori- 
zontal separation of the ordinary and extraordinary reflection points affects the 
measured values of the critical frequency difference /x—Zo. It is increased due 
to the separation of the reflection pouits for the usual variation of ionization with 
latitude (negative gradient of ionization density). As a result, the gyro-frequency, 
and hence the earth’s magnetic field, calculated from fx~fo is larger. Separa- 
tion of the reflection points depends on the layer semi -thickness, the wave fre- 
cpiency, the magnetic field strength and the dip. It is negligible in the thin E and 
FI region but is of considerable magnitude in the F2 region. Vartiation in the 
layer thickiioBs (as is present in the F region) will produce a proportional change 
in the separation of the reflection points. Diurnal variations of the layer thickness, 
if any, will thus affect the values of and of the magnetic field calculated from 
fa—fo- iScott (1050b) has calculated the separation of the reflection points for 
different values of the magnetic dip angles for a parabolic region. At Haruighata 
(Magnetic Dip 32'' A^) the 8ex>aration of the reflection points in the F region should 
be small. It is about 20 kms only at a wave frequency of 10 Mc/s (when electronic 
collisions are neglected) for normal values of F layer semi-thickness (sj 50 km). 
The latitude gradient of ionization density is also small compared to that in the 
polar latitudes. Thus, the effect of ray-jiath deflections on the values of and 
its diurnal variation in the F region over Haringhata calculated from fa,— So 
is small. 
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ABSTRACT. A preliminary short account of n new theory for titanium oaesium alum 
13 given. The crystalline field in this alum is treated on the molecular orbital method of 
Stovens and others, as the usual electrostatic field theory is found to fail to explain the magnetic 
behaviours. It is proposed that the spin-lattice relaxation follows a “Raman Process” at 
all tomperatui*e8 between 300°K to 1.2®K. Experimontal susceptibility data between 300°K 
and 100°K as well as the paramagnetic resonance data at 2.5®K can all be accounted satisfac- 
I.ovily by assuming that the trigonal field splitting changes from — 800 em-i to — 166 cm-*, 
with temperature, which is also indicated by the large observed increase in the spin-lattioe 
relaxation timo from 300°K to 1.2°K. 

1. INTROBTTCTION 

A satisfactory theory of vanadium ammonium alum to explain its magnetic 
and optical behaviours has been given in a recent paper (1959). The magnetic 
behaviour of the Ti®+ ion in crystals of caesium titanium alum shows certain 
anomalies, which have not been satisfactorily explained so far. Under the usual 
cubic and trigonal fields existing in the Ti3+ alum (Van Vleck, 1939), the 
ground state of the original free Ti®i* ion is split up into an orbital triplet and an 
orbital doublet lying above it with a cubic separation of about 20,000 cin“^ (Hart- 
mann and Schlafer, 1961). The triplet is split by the trigonal field into a lowest 
lying singlet with a doublet above it (Van Vleck, 1939), but tfie upper doublet 
(cubic) is not split by the trigonal field and is thus non-magnbtic (Bethe, 1929). 
Each orbital level has a two-fold Kramers spin degeneracy which is removed only 
by an external magnetic field or by the spin-spin and exchange interactions. 
As may bo expected for such a highly diluted salt, the last two interactions show 
a spin splitting of only ~ 0.002 cm~^ from the adiabatic demagnetisation ex- 
periments (Kurti and Simon, 1935). We should thus expect the magnetic sus- 
ceptibility to obey a Curie law very strictly above^.003°K upto a temperature 
at which kT becomes comparable to the trigonal separation A, between the 
lowest orbital singlet and the doublet above it. Unfortunately, the susoepti- 
hility data on four different samples of Ti*+ alum obtained by Van den Handel 
(Thesis, 1940) show deviations from Curie law even in the liquid helium range 
and from one another so wide as to render them quite useless for a theoretical 
interpretation. The only explanation of the deviations appears to lie in possible 
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impurities in the samples or chemical decomposition or dehydration of the 
samples. 

The masterly discussions of Van Vleck (1940) show that one has to assume 
mainly the ‘Raman process’ as the mochajiism of the electron spinlattice relaxa- 
tion in Ti®+ alum at all temperatures and that the separation A should be of the 
order of — 10O0 cm“^, to explain the very short relaxation time ~ 10“’ sec. in 
the liquid air range ((Sorter et al., 1938), But at the liquid helium range in order 
to explain the relaxation time of ~ 10“® sec. (de Haas et al., 1938) A has to be 
taken sr —100 cm“^. With high magnetic fields in the liquid helium range the 
‘Direct process’ may gain in importance but even that would requine A to he 
s — lOQ. cm-i. 

On the other hand, the experimemts on paramagnetic resonance on Ti^+ 
alum, which coukl be performed only at the helium temperature range, because 
of the extremely short relaxation times at higher temperatures, yield the values 
{7 II = 1.25 and g^. = 1.14 for the spectroscopic splitting -factors along and per- 
pendicular to the trigonal axis (Bleaney etal., 1955). These gr-values could not he 
fitted on Abragam and Pryces’ theory (1951) with any reasonable value of the 
splitting A and the spin-orbit coupling coefficient ^ in the crystal, consistent 
with the optical absorption value of the cubic splitting sr 20,000 om“^. As- 
suming a p-d charge cloud overlap factor A: = 0.7 following Steven’s method 
(1953), a value of A is — 50 cm“^ is obtained by Bleaney et al, fitting, the 
experimental g- values at helium temperatures, as against Van Vleck’s estimate 
of — 100 cm-J. 

We have, however, extended Steven’s method by assuming, anisotropie over- 
lap factors kz a*ndi k^ along and perpendicular to the trigonal axis and obtained 
the mean susceptibilities, fitting tO' within 2% of the excellent experimental 
measurements in the range 300° to 1 j 00°K of Dutta-Roy (Thesis, 1958)? of this 
laboratory,, assuming the following values of the parameters: 

kg = 0:800, fee = 0.637 and A s'}— 800 cm“^ 

= 142.6, ^ = 151 

which give gi = g'n = 1.919- g^ = gy — gZ' = 1.756. 

These g values and A are. very different from. the. resonance* values* But it 
iS' very interesting, tp^ notedhat with the same values^ of, A:.’s and. 4’® resonance 
g values cani be. made to- give a good fit (within experimental, erroiis); with A;s 
— 165cm“^. 

It is iiateresting to. note that thei above method of caloullation.'' becomes id*imtical 
with Abragams and- Pryce’s method in the limit when' At* = = 1, and ^ is the 

sametas the-ffiee ion value +164 cm”^ and in.' the- range lOO^K to 3O0^K 
agrees with the experimental susceptibility values to within 6% assuming A — 
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— 1000 cm~^. This latter theory, however, caimot give fit with escperimeutal g 
values at helium temperatures with any reasonable value of A and 

It may be remarked that the decrease in spin-lattice relaxation time from 
'-^10“’ sec. to 10~® sec. with temperature is dependent on the trigonal compo- 
nent of the field which couples the spins of the ground state (though apparently 
quite free by virtue of the Kramers degeneracy) to the lattice through the spin- 
orbit interaction, and clearly shows that tho trigonal field has considerably 
decreased at low temperatures. Our two values of A at liquid air and liquid 
helium range are in very satisfactory agreement with the values estimated roughly 
by Van Vleck from paramagnetic relaxation data. 

It is obvious from the above discussions that tho trigonal field splitting in 
Ti^i* alum changes drastically from room to liquid helium temperature. The 
reduction of g- values with temperature indicated above (owing to increase of the 
negative orbital contributions) shows that tho field has become much more sym- 
metric at helium temperature, and also definitely more covalent as shown by the 
failure of A. & P.’s theory. Prom the discussions by Van Vleck on the effect of 
long range fields (1939) we know that in the Ti®+ alum the induced distortional 
effect of the distant atoms on the Jahn- Teller cluster may be as important 

as the J.-T. distortional effect itself. Moreover, the above changes in A might 
be easily brought about by changes in the disposition of the HaO molecules by as 
small distances as'^lO"" cm. In the absence of detailed reliable measurements 
on susceptibility in the range 100°K — PK we are not able to say whether the 
change in dispositions takes place continuously as a function of the thermal ex- 
pansion of tho lattice or by a transition of crystal phase of some sort occurring at 
some intermediate temperatures, either of which might explain the experimental 
observations on A. Tho effect of thermal expansion is certainly observable 
from the 2%deviation of the theory from the experimental values even in the 
liquid air range. 

The details will be published shortly elsewhere. 
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PJate VIII 


ABSTRACT. TJio ilnmaii spei’fcra of ort ho-, mota- anil pnra-ttiiof.resols havo boon 
sludjod JM iho jn’ftsont invostigation About twenty Kamai' lineH have been recorded in the 
luise ot ortlio, twelve in the cage of ]niia and about twentyflve in the ohho oi luota- thioeresol 
I'espoetivoly. The C-S freijuency m thjocreBols between 611!) cm" i and 685 em"! ib compared 
wjlb that for otlior morcaptaiiH. All the three thiocregols show a strong HiimMiTi lino between 
1209 — ]222(‘m-i which is assigned to C-fUIs stretching mode 'fho K H stietching fie- 
((uoncy lies between 2566 rm '< and 2677 cm~i in thioeresols A comparison between Bmuan 
spectra of the thiooiosols, I'lheiiol and tlnophonol, is given m a tabular form. 

INTRODUCTION 

The fcjtiuly of ilie absorption spectrum of ortho-, mota- and para-thiooresoh 
in the vapour state tvas undertaken to lind the effect of the substitution of SH 
in platie of 011 in the throe cresols, ortho, ineta and para. The infrared spectra 
of the three thioeresols have been studied iu detail. As the Raniau frequoncios for 
tlie three thioeresols im’e not reported so far, the Kainan spectra of these three 
inoleoules have boon studied in the present investigation. 

E N J‘ E K I M E N T A J. 

The Hainan spectra of the three i-hiocresols were photographed on a threo- 
])rism Sieinheil spectrograph. The Hainan source of Steinhoil consists of a hori- 
zontal mercury arc jilaccd in a chamber cooled by (drculating water through the 
tubes ill the chamber. The light from the arc was focussed by two common 
paraboloid reflectors on a tube kept horizontally at their focus, the tube contain- 
ing the substance under investigation. The length of the tube is about 20 cm. 
In between the tube and the arc was kept a filter transmitting only the 43581 
group of radiations of mormry. Carbon tetrachloride was first distilled and 
collected in the tube itself and the Raman spectrum of carbon tetrachloride 
'ras first recoi’ded (figure 1) in order to eliminate the Raman lines from this 
luihstance. Parathiocresol was next dissolved in carbon tetrachloride. The subs- 
1 anoe is very soluble and a large quantity of the substance was dissolved and 
tile solution put in the experimental tube. It was observed that the intensity 
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of the Rainati Imes improved with higher concontrationB. An exposure of 
three hours with this source was necessary to bring out the details in the 
spectrum (figure 2). Ilford FTT*3 Hypersensitive panchromatic plates were 
used to reciord the spectra. An iron arc spectrum was superposed in the 
(centre, and the wavelengths of the Raman hues were calculated by Hartm 
aim’s dispersion formula using iron lines as standard. In the case of the 
ortho and mota thiocrcsols the. liquids were directly distilled in the experimental 
tube and the Raman s]ict‘ira recorded in the same manner as explained above. 
The wavelengths tabulated in Table 1 are the mean of the three readings and are 
accurate to did tan“^ The Raman spectra of meta thiocresol and ortho thio- 
crcsol arc given in figures 3 and 4 respectively. 

The wavelengihs of the Raman lines are given in Table 1 with the inten- 
sities visually estimated and having the following meaning, v s. -very strong, 
s-strong, ms-medium strong, mw-medium weak, w-woak, vw-vory weak and 
vvw-vory very weak. 


TABLE T 



Compai 

I'isoii of Raman frequencies of jihcnol, thiophenol 
and thiocresol s 


Pri'Hont work 

Profliinl, work 

PlfBl'llt woik 

Phoriol 

Tliinpbonol 





(Anantli- 

(Vorikuto- 

Ortho-iljKM’K'hul 

Mo(n-(luocrc'Hol 

1’nia-tliiof‘in.sol 

krishuan i 

swnrai) 1930) 

Ham an 

Inlrarod 

JiaiTinn Jiifrared 

llaiiinn In li marl 

1936) Human Hnmmi 

1 

2 

3 4 

5 0 

7 

8 



121 vvw 




147 v\v 


146 vw 




rn 


177 vw 


243 (-) 

194 (5(1) 

3U w 


223 mw 



282 (2d) 

4!12 111 


•1 10 w 



415 (3) 

noo w 




- 


552 ni 


523 m 


507 (i) 






532 (4) 






590 (0) 

596 (0) 





620 (4) 

618 (3) 

661 111 

676 III 

685 nib 686 (b) 

639 w — 

655 (OOd) 

695 (3) 

7211 w 




756 (3) 

730 (Ob) 


772 B 





795 ni8 

797 in 

772 VH 

789 m 

787 (Ob) 






812 (8) 


882 w 


855 mw 853 s 


830 (3) 
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TABLE J (conld.) 

Comparison of Raman frequonrics of plionol, ihiopheuol 
and thiocrcsols. 

Presont work Proscrit woik i^rost^nt Phenol Thioplienol 

(Aiiantih- (Votikato- 

Ortho-ihiocroaol Mota-thionroHol J^mi-thioci'oHol krishnari swarajj 1030) 

Raman lufrarod Raman Infrarod Raman Jufrarr'd 1036) Raman Ranum 


1 


3 

4 


6 

7 

8 

OR) m 

06S m 

024 m 

018 vvw 
942 vw 

010 m 


013 m 

091 (0) 

018 (4cI) 



1001 vs 

082 m 

980 III 

1002 vw 

100 1 (10) 

1000 (10) 

10-17 H 

1040 M 


1041 m 

1036 w 

1041 m 

1027 (8h) 

1024 (4) 



1084 m 

1083 iiiH 



1072 (1) 

1071 (0) 
1002 (3) 


nil m 

nil m 

1 1 00 niH 

1 1 02 VH 

1115 ms 

1113(0) 

1118 (3) 







1155 (3h) 

1157 (2) 



1 172 m 

1 1 08 ms 



1 170 (4s) 


IJOO ma 

1217 ms 

1221 ms 

1218 m 

1222 111 

1211 m 




1 2/)0 vw 

1276 vw 

1272 vw 


1232 w 

1253 (21j) 


1300 1 

1381 m 

1383 mw 

1383 w 

1380 w 

1370 m 


1361 (Id) 


1567 m 

1408 sh 
1475 H 
1577 m 

1577 m 

1 401 sli 

1 479 s 
1582 8 


1403 ms 
1497 8 

1425 (00) 
1464 (0) 

1498 (4) 

1595 (5) 

1432 (Od) 

1502 (Ob) 
1584 (5) 

Kill 1 

1595 111 

1507 111 

1603 a 

1597 H 

2492 vw 

1 608 vw 

1631 m 

1605 (5) 


2566 w 

2577 m 

2575 vw 

2870 vw 

2577 111 

— 

257 1 w 


2573 (7d) 

2013 111 

2941 m 

2927 m 

2941 m 

2914 111 

2924 m 

3017 (Jb) 

3051 (5) 

2945 (lb) 

3051 m 

3067 m 

3055 ms 

.3117 vvw 
3176 vvw 

3067 m 

3051 m 

3136 w 

3030 m 

3064 (8) 

3085 (^) 
3150 (OOd) 

3200 (Obd) 

3524 (OOd) 

3059 (8d) 
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DISCUSSION 

All the three isomers have certain features common in their Raman spectra. 
These will be discussed first. All the three thiocresols give a strong Raman line 
between 639 cm~^ and 685 cm"^. The corresponding line in thiophenol is at 695 
cm“^ In the case of mercaj)tans (Sheppard, 1950) it is shown that the C-S 
frequency usually falls in this range. In analogy in the present case these 
frequencies have been assigned to C-S stretching mode. Comparison shows that 
there is no corresponding frequenty either in toluene or phenol and hence such an 
assignment is justified. It may be observed that the corresponding frequencies 
are very strong in ortho and meta-isomers but rather weak in para-isomei’. 
One woidd expect two lower frequencies arising out of the two split fre- 
quencies corresponding to 606 cm~^ of benzene. In thiophenol these pre- 
sumably are 596 cm“^ and 618 cm'^. In the thiocresols, however, the bands 
at 552 and 523 cni "^ in ortho and meta thiocresols respectively may be 
one of these, the other component being obscured hy the strong C-S iiand. 

In ortho -thiocresol there is a strong Raman lino at 795 cm“^ which has no 
corresponding line in meta- and para-thiooresols. The comiiarison with infrtired 
spectrum shows that there are strong infrared bauds at 772 cm“’ and 789 (;ni“‘ 
in the meta and para isomers. These have been assigned as corresponding to 
992 SLig breathing boiizeiie vibration. The frequencies corresponding to this mode 
in the Raman spectra of toluene and phenol are 786, 812 cm"^. In thiophenol, 
however, there is no strong line corresponding to this frequency. The assign- 
ment of this frequency has been recently reviewed and it seems to be more justifi- 
able to choose a value less that 992 according to Wilmshurst (1957) and Bernstein 
rather than about 1000 cm-^ as was done hy Pitzer and Scott (1943). It, however, 
does not explain why this line xJ^rticularly should not ajipoar in the Raman 
spectra of meta and para thiocresols and phenol though there are strong 
bands in infrared in about the same region. 

Ill the region around 1000 cm""^ there are two strong lines in toluene at 
1004 cm~^ and 1030 cm~^ Such lines in thiocresols are at 1046 cin“^ 
in o-thiocresol, 1001 cm~^ and 1084 cm"^ in m-tliiocresol and 985 and 1036 cin"^ 
in p-thiocresol. At least three lines are expected in this region and following 
Wilmshurst and Bernstein, the line corresponding to 1004 cm”^ of toluene is 
assigned to 1010 of benzene. The other lines near 1040 and 1090 cm“^ are in 
the region where CH 3 rocking vibrations are exjiected. Those lines are assign- 
ed as such in the Raman spectra of thiocresols. 

The next strong Raman line in all the spectra of thiocresols is the strong one 
between 1209 and 1222 cm”^. This apparently corresponds to the strong line at 
1208 of toluene and following the’assignment in toluene it has been assigned 
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Raman spcitia 

Fig, 1. Raman speclriim of CClii 

p,g. 2. „ „ „ /j-thiocresol ( in CCU solution ) 

Fig. 3. „ „ ,> /M-thiocresol 

Fig, 4. „ „ „ o-lhiocrcsol 
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to C-CHa stretching mode. That there is no corresponding line in phenol or thio- 
phonol substantiates such a conclusion. 

All the thiocresols show a line near 1369 — 13S6 cm“^ and toluene shoM’^s a 
corresponding strong line at 1379 cin"^. In the case of toluene it has been assigned 
to an internal mode arising out of methyl group corresponding to CHa symmetric 
bending. The intensity of this line is however much weaker in meta and para- 
thiocresols and is stT’onger in o-bhiocresol. 

Ortho and meta-thiocresol show Raman lines near 1570 cnr*^ and 1600 cm"^ 
which coi^espond to two lines in toluene at 1585 and 1604 cm''^ These in the 
case of toluene correspond to the two components of the 1596 e^'*' frequency 
of benzene. The values coiTosponding to those are as shown in Table II. The 
question of assignment of the frequencies in ji-thiocresol is, however, doubtful. 
The Raman spectrum of p-thiocresol shows a single strong line near 1597 cm“^ 
and the infrared spectrum two bands, a weaker one at 1608 cm“^ and a 
stronger one 1631 cni"^. It is rather dilHciilt to choose the two bands. The 
most obvious choice is 1597 and 1631 cm ^ but the latter frequency however 
seems too large as compared to that in other disubstituted benzenes. This value 
hoM'over seems to be in line for a trisubstituted benzene. This is however true 
also of ^-xylene and this observation about the relation of sjilit frequency as a 
function of position of substitution has yet to be verified. 

The next strong line obviously corresponds to S — H stretching frequency and 
is common to all the isomers. It lies betw^een 2566-2577 cin“^ m all the cases. 
Here again the line is missing in the case of para thiocresol. The infrared band 
corresponding to this in infrared is also weak in case of para-isomer as compared 
to ortho- and meta-isomers. The two other bands on the higher frequency side, 
one noai* 2900 and the other near 3050 cm~^ correspond to CH stretching of the 
methyl grouji and the aromatic CH stretching vibrations respectively. 

It is thus observed that there are some interesting individualities in the 
Raman, spectra of these isomers corresponding to position of substitution. It 
would be interesting to compare these in the corresponding oresols. 

In the molecules as under discussion, a large number of vibrations are ex- 
pected below 500 cm~^ arising out of different bending modes specially due to subs- 
tituents. In the present case about five frequencies are observed in the case of 
both 0 - and w- thiocresols. In the case of ^j-thiocresol the observations have 
not been extended to that region. It is rather difficult to give an unequivocal 
assignment of these bands, since the correlation with either the thiophenol or 
toluene spectrum is not possible. Those low frequency vibrations in all these 
compounds possibly offer a fruitful subject for further investigation. 
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ABSTRACT. Tho slow elootron and muon pompononts of cosmic, rays at sea lev’cl and 
12°N f^oomflgiirt'ic latiiudo ha\e boon studied with u miiltiplato cloud ehambcr triggered by 
II pnincidenep-anli-comeidenco system. The differonliul energy spectra of thcpe electrons 
liavp boon obtained Tor energios between (5—300) IVlev. Tho electron spectrum is found to 
!)(' rejiresentod by a sim]i]G ])owoi laiv ol tho form In tho range interval (7.00) g/cmi* 

of air oquivalont tho ditfeivntial range sjjoctrum ol muons has also been determined. The 
spectrum is tound to lie flat with a moan intensity (5.894 0.15) X r0““/g sec. storad in tho range 
inti'vval (15-00) g/cn.^ of uii equivalent. HoIoav thts range the muon intensity falls off 
gradually. A comiiurison ol the total intensities of muons and nbetrons has also boon given. 

1. INTRODUCTION 

This ])apur contains tho final and detailed results of previous investigations 
on the luuoii spoclruiu at Calcutta reported earlier by Basu and Niiiha (1956- 
57) A junltiphate cloud oliaiiibor was triggered by means of a narrow angle three- 
Jiiltl com(3ideiu'e system placed above the chamber together wnth an anticoiii- 
(ideiicc tray jdaced just below, in order to photograph all particles which stopped 
inside the cloud chamber. There were sovou (5.6 g/cin“) of Ou plates inside 
iho chamber and tho total amount of material above tho chamber was 6.6 g/cm^ 
of air oipu valent Any muoii stopping inside tho chamber showed more than 
l-wice minimum ionisation in the last gap w^hile electrons stopped with mini- 
inmn ionisation. Fast electrons produced small soft showers all the secondaries 
of which had to stop inside the chamber. 

Thus ail estimate could bo made of the number of low energy muons and 
clecti-oiis crossing our apparatus in a definite interval of time. The following 
Juformation were obtained. (1) A fine structure of the differential range spec- 
tnnri of muons within the range interval 6.5-61.3 g/cm* of air equivalent, (2) The 
differential energy distribution of electrons in the energy interval (5-300) Mev. 

2. EXPERIMENTAL 

The main body of the cloud chamber consisted of a glass cylinder with 
dluminated cylindrical volume of 30 cm diameter and 8 cm deep. It was filled 
"ith argon to a pressure of 96 cm of Hg and illuminated by Xenon flash tubes 


♦ Now at Bethune CoUege, Calcutta, 
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placed behind pairs of condensing lenses. The triggering arrangement CjCgCs-A is 
shown in figure 1. During this part of the investigation, there were seven 1/4" 
Cu-plates inside the chamber. Tlic solid angle times area of the three-fold counter 



Fjg. 1, The cxiioriniRiital arraijgenionl- of Iho various 
(iouuter trays and the cloart (‘Imruber fii,tr3d 
with Cu-platos. In iho jjiesont oxpoiiineut 
Ihoro wei’o woven Ou-plntos instead of five 
as shown in the liguro. 

arrangement was 0.677 (iin^— Steradian. This solid angle was completely covered 
by the anticoincidence counters placed beloAV the chamber. Stereoscopic; photo- 
graphs were taken and the ionisation and si-atiering angles of particles (where 
necessary) were evaluated from both the views. 

The ajiparatuB was covered by a thui roof consisting of 0.07J5 cm thick iron 
and 3.7 cm cedotox Other materials jii the solid angle oi‘ the counter system 
were only tho counter walls and c.ounter trays All these added together gave 
a total thickness of 6.5 gm/mn^ of air equivalent. 

Tho particles stop})mg in aixyone of the seven plates were identified from 
their ionisation characteristics only. The tracks of stojiping electrons were no- 
whei-e dense, those of stopping muons were dense in the last compartment and 
in some cases slightly dense in the previous one and those of stopping protcii*^ 
were dense in all the compartments. 

3. E N R B a Y 0 A L I fl H A T I O N OF THE E L E 0 T R O N R 

The energies of electrons which appeared singly inside the chamber were esti- 
mated from their ranges R inside the chamber. The values of R were calculated 
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by numerically integrating the cui’ves of the total rate of energy loss, both 
radiation and ionisation as a function of energy. The average range of an electron 
as a function of its energy is given by 

Eo 

ii-: I dEli-dEldx) 


whore Eq is the energy of the stopping electron. 

Fast electrons almost always give rise to showers and their energies can 
be estimated from the size of the shower The equation (12) of Rossi (1952) 
gives the expression for the total number of electrons 7r(7?o, 0, t) as function of 
thickness t. For elecitron initiated shower, the maximum value of the function 
7t{Eq, 0, t) is given by 


0) — 77 


0.31 


\ln{EJe^)-0m ■ 


^0 

^0 


where, 

critical energy of the electron in the particular absorber 

Eq — energy of the initiating electron 

Ilmaa; “ number of electrons at shower maximum 
Thus from the number of particles at shower maximum, the initial energy of 
the initiating elo(!tron can be estimated, without making any use of information 
which might be deriverl from observations at iiomts other than the maxima. This 
method is not very satisfactory for energies where the maximum number of 
electrons is small and therefore subject to large fluctuations. Hence an equation 
given by Bridge, Courant, DoStaebler and Rossi (1954) has been used to estimate 
the shower energy Eq According to this equation 

E^^hNt ... ( 2 ) 

where, 

h = a, constant which dcqiends upon tho cut-off energy 

N = total number of electron tracks appearing in the separate sections of 
the chamber through which tho shower develops 

t = thickness of the plates measured in tho direction of the shower axis 
Thus Nt is an approximate value for the track length of the observable shower 
electrons which, according to shower theory, is proportional to the energy of the 
iiutiatmg-particle . 

The proportionality constant h was calculated after studying a few well- 
developed showers with at least 4 secondary electi'ons at the shower maximum 
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and for which the total number N of electrons at different sections of the cloud 
chamber was also known. These were consistent with the general theoretical 
expression for 0, 1), the maximum of which is given by equation (1). Thus 
for a number of showers was found out from equation (1 ) and for these N and I 
wore also known In this way a number of values of h was found out and the 
moan value of h ^ 4.2 Mev/gm of Cu was taken to calculate the initial energy 
of other shower-initiatmg electrons from the equation (2). 

4. C O 11 R E r T J () N S OF THE O B S E K V E D 
J)ATA FOR SCATTERING 

The most serious error encountered in the measurement of the intensity of 
the soft component is the multqile scattering of low energy elecdrons both in air 
as well as in the apparatus, before the electron enters the cloud chambei'. Barker 
(1955), however, pointed out that the scattering in the root, the chamber wall, 
top counters and bottom counters can be neglected even for low energy (> lOMev) 
electrons as the numticr scattered out and scattered in will bo approximately 
the same; but the scattering in the central counters is the main source of error. 
The electrons which scatter in the top counters in such a way that they go out of 
the solid angle of the counter system are compensated by those which enter the 
-solid angle only because of the scattering in the top counters, and the third counter 
tray is so near the chamber that it may be assumed that all the electrons that 
excite this tray will enter the chamber. But the electrons which scatter in the 
(jentral countois m such a way that they miss the bottom counter will be com. 
plctely eliminated and the compensation by others scattered in, will be very 
small because these are required to pass through the top counters. 

Following Barker, we assume that the average path length through two 
walls of a counter for particles uniformly distributed in space and moving ])cr- 
pondicular to the axis of the counter is equal to nd where d is the thickness of a 
counter wall. Then assuming the Gaussian angular distribution as given by 
Rossi and Greison, (1941) the fraction F of electrons of energy E which are missed 
on account of scattering will be given by 

F - 2{AE)-^27T)-Kh^{0)-2h^XE) ->tK{2AE)] ... (3) 

whore, 

A -= ^{27rd)~H2lL)-^ 

a = diameter of a counter wall = 2.7 ems 

L — distance between the top and bottom counters = 60 cms. 

d = thickness of a counter wall in radiation lengths = .016 cm Cu — -OG 
radiation length 
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Siibstituimg these values wc get A — 0.0345 Mev"^ 
h,J^x) are calculated from the tabulatod funotious 

00 

/t.o(.'K) == j* exp(-~^2^2)d;(/ 


}i^{x) = ^ \{y)dy 


h^{x) = j hy{y)dy 

The values of F arc calculated for all the seven energy intervals assuming a mean 
energy for each energy interval. The corrected number is then obtained by 
multiplying the observed number of electrons by the factor {l—F)~^. 

5. ENERGY I) I S T R I B U T T O N OP E L E C T R ON S 

Table T shows the distribution of electrons in different energy intervals . 
One of the characteristic features revealed from this table is that as the electron 
energy has increased the number of single electrons has decreased and the number 
of shower initiating electrons has increased. This is in qualitative agreement with 
shower theory. In column 5 the corrected total number of electrons within the 
different energy regions has been given. Since the energy interval has gradually 
iiuiroasod with the increase of energy, the total number of electrons for each 
energy interval w^as divided by the corresponding energy interval in order to obtain 
the energy distribution per Mev in that cnergj'^ interval. 

TABLE I 


Energy distribution of electrons 


Energy 

interi’^al 

Mev 

Observed number of electrons 
Single shower 

initiating Totiil 

Corrected 
number of 
electrons 

Total number of 
elootrons per 

Mev 

6- 16 

108 


108 

360 

32,66il .09 

16- 32 

69 


69 

121 

7.55±0.44 

32- 56 

56 

5 

61 

77 

3.20i0.24 

66- 67 

61 

9 

60 

66 

2.11i-0.17 

‘87-1 32 

37 

7 

44 

46 

1.03±0.09 

132-203 

*29 

10 

39 

40 

0.66i0.06 

203-310 

14 

26 

39 

39 

0 37d:0.04 
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This dmtrihiiiion has been plotted in a double log scale in figure 2. It is found 
that vv^ithin the energy band (5-300) Mev, the differential energy distribution 
is well roprewiibcd by a siniple j>ower law of the form Barker obtained a 

distribution of slope — 1 between 30 —400 Mev at 45”N, and for energy band 
above 400 Mo v the slope was —1.5. 



ELECTRON ENERGi.' IN MEV. 

2. The diffoiential energy diBtnbuiion of electrons. 

6. RANGE DISTRIBUTION OF MUONS 

A differential range spectrum of muons has been obtained previously by 
the authors, Basu and Sinha (1956-57) in the range interval 6.6-140 g/cm® 
air equivalent. It was pointed out there, that this range spectrum could not 
be evaluated accurately at the lowest range interval as the electron contributi(*n 
m this region cannot be calculated from shower theory. Hence the Cu -plates 
were split into halves and the muons were experimentally separated from the 
electrons by ionisation characteristics alone. Furthermore, the splitting of the 
Cu-plates led to a determination of the line structure of the muon sijectinin 
in the lowest range interval. 
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Tho experbnent was divided into two parls. The first part was carried out 
with no absorber above the chamber and during the second part a 4:.5 cm 
load absorber was placed above tho t;hamber. Tho correction for the loss of 
particles due to scattering in this absorber and in the j)latc8 mside the chamber 
was taken into account exactly in the same manner as explained in the previous 
paper Basil and Sinha (1956-57). Table IT shows the values of the muon inten- 
sity ly. The small gap between (32-36) g/cm^ of air is due to the fact that the 
muons stopi)ing in the last plate wwe not taken into ac count because of tho 
inefficiency of the system in photographing these particles due to the emission of 
decay electrons in the downward direction so as to trip tho anti counters. 



Fig. 3. The differeniiul range spectrum of mu-niosons. Tho 
solid cuive shown along is Sand’s computed sea-level 
spectrum for mu-mesons. 


In figure 3 the combined differential range spectra as found in this experi- 
ment and the previous one have been plotted as a histogram. Tho solid curve 
shown along tho experimental histograms is Sand’s (1949) computed sea level 
range spectrum of muons. The two ciu'ves are found to agree satisfactorily 
within expcrinieiita] errors. The data below 20 g/cm'-* of air oijuivalont have 
been obtained for the first time in this experiment. It is clear from tlie histogram 
Uiat the decrease in tho muon intensity w'hon wc go below 20 g/cm® as predicted 
by Sand’s computations is real. 

7 8. Tho ratio of electrons to muons for different kinetic energy intervals 

From the foregoing data on the intensity of low energy electrons and low 
(Ml orgy mu -mesons we can construct a comparative data on the ratio of the in- 
( (nisitics of these two kinds of jJarticles at different energy intervals. Hence the 
" iiole muon distribution obtained during this and the previous experiments was 
converted into corresponding kinetic energy intervals from the curves of Rossi 
(1048). The mu-meson spectrum thus obtained covered the kinetic energy 
JJderval (36-304) Mev. In Table III the range as well as the K.E. distribution 
mu-mesons have been shown. 
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TABLE TI 

Abflohite differential range sx>ectrum of muonB at 12“N (Fine Structure) 


Rarigo intorval 
(g/cni2 of aji 
equivalent) 

K 

Observed 
minibei of 
Tiiuons 

N 

Total sensi- 
tive tin 10 m 
lioiirs 

T 

Vertical diff<*r 
ontial innon- 
intrnsity I,; 

stei’ftd-i X 10® 

6. no - 10 7n 

8 

215 

3 59^0.84 

10 00 

11 

215 

4 94±0.97 

15.00-19.26 

12 

215 

6.39^1.03 

19.25-23 60 

14 

215 

6.28±1.10 

23 50-27 75 

13 

215 

5.83±1 08 

27 75-32.00 

13 

215 

5.83±1.08 

35 HO-40 05 

13.7 

215 

6.0r>:f,1.09 

40.05 44 30 

11 .7 

215 

5.15il 02 

44.30-48.55 

12.7 

215 

5 60H=1.07 

48.55-52 80 

13.7 

215 

6 06il.09 

52 80-57 05 

13 7 

215 

0.05^1 09 

57 05-01 30 

14.2 

215. 

C. 72 1^1 21 


TABLE TTI 

Range and kinetic energy distribution of mu-mesonB 


Kongo interval Kmetic energy 
(g/om2 of air interval (Mov) 
equivalon b) 

Number of 
muons 

Number of 
muons per 

Mev m 216 hours 

6.50- 10.75 

35- 48 

8 

0 62±0.]5 

10.75- 19 25 

48- 69 

23 

1.07±0 15 

19.25- 32.00 

69- 98 

40 

1.38±0 13 

35.80- 48 55 

107-132 

37 

] 45^0.16 

48.55- 61.03 

132-158 

42 

1 .63±0.16 

72-00- 89.50 

181-214 

54 

1 .70^^0.15 

89.50-106.50 

214-246 

55 

1.70±0.16 

104.65-137.70 

240-304 

102 

1.60±0.11 
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In figure 4 both nni-mesons and electron distributions have been plotted in 
a bilogarithmic scale where the abscissa are the kinetic energies in Mev and the 
ordinates the corresponding numbers of particles per Mev. The error has been 



kinetic enerv in mev 

Fig. 4. The difl'ereaiial energy distribution of olootrons and muniis as 
function of tUoir kinetic energies. 

calculated from the probable statistical error (0.67 -v/") where n is the number 
of particles. These curves give directly the ratio of electrons to muons within 
different kmetic energy intervals rangmg from 35 to 300 Mev at sea level. 

It is interesting to note that the two curves intersect at 95 Mev and therefore 
electrons and muons of kinetic energy 95 Mev are almost equally abundant at 
this place. 

8. TOTAL VERTICAL INTENSITIES OF THE TENETRA- 
TING PARTICLES AND THE LOW ENERGY 
ELECTRONS 

The three-fold counting rate with 10 cm pb above the cloud chamber was 
foulid to be 0.317 min“^. A large number of photographs triggered by a three- 
fold coincidence only, was taken and finally the corrected vortical intensity of the 
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poiieirating j)aTtic]e8 Avas obiaijiwl from tho observed rate of accetable pioturea, 
after excluding blanks, shoAvers and heavy iiarticles. This Avas found to be 
(0.0073^70 00()2(>) rin~‘^. sterad^^ Hee~*. Chaiidrasekliaran H al (1950) nieaaursd 
the vofticie intensity of penetrating cosniie rays (Avith lOcinPb) at Poona (9“N) 
which is 555 inoters above sea level, in terms of counts per minute. Prom the 
given geometry of the tjuadmplo coincidence counter telescope used in this 
oxYieriment, the vertical intensity of iienetrating iiarticles at Poona has been found 
to bo 0,0076 cn)"“ sterad '^ sei^'h This is in good agreement with our observations 
at 12°!N at, sea-level. The value (pioted by liossi (1948) at 45'’N as determined 
with coimtei telescope Avas 0 0083 at sea loAud. 

The vertical intensity of electrons 1^, with energy betAV’^een 5-310Mev was 
found to be (0.001437[ 0.00021 ) cm"- sec '^ stcrad“' after correcting for scattering. 
Combining this value Avith the total intensity of penetrating particles (0.007371: 
0.00026), we get a ratio IJl^ — O.O2O7I7O.O3 for electrons of energy below 300 
Mcv. at 12"N. 

Prom the data of Hazoii (1945) and more recently of Parker (1955) Ave find 
that, for latitude >45“" the ratio /«//„ when Tg expresses electron iutousity of 
energy >300 Mo v is nearly 3% Taking for granted that this ratio remains the 
same at low latitudes we find lejly — 0.23 ^0.04 when Ig exxircsses the intensity 
of all electrons of energy > 5 Mov. This gives tho vertical int-ensity of eloctroiis 
at Calcutta (sea-level, 12"N) as (0.00167:170.00029) compared with the value of 
0.0022 obtained by Parkar after extrapolating Kossi’s cAirve The ratio Igfly 
as obtained by Parkar (1955) for Ann arbor (45”N) is 0.311 7J70. 028 with J5!/>10 
Mov. Conversly, if we accept that the ratio Jg/T^, remains tho same for all lati- 
tudes our results Avould then indicate that the percentage of high energy elec- 
trons (> 300 Mov) 111 the sea level electron spectrum at 12'"N is higher than that 
at 45 "N by a factor of about three. An independent nioasuremont of the inten- 
sity of electrons of energy >300 Mev at this station is needed to decide between 
the two alternatives. 
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infrared absorption spectra of ethylene 

CHLORHYDRIN IN THE VAPOUR STATE AND IN 
SOLUTION IN DIFFERENT SOLVENTS* 

MONOMOHAN MAZUMJ3EK 

OPTJC S Jjl-Jl'AIt'l'MKNT, INDIAN ASSOCIATION I'OK, THE CULTIVATION OF KciENCE, 
('\LC17TTA-32 

{l\C(icived for jmbln-ation June- 10S9) 

ABSTRACT TJici mfifu-Hd absorption sjjectra of jniro ntliylcno tljloiliydrjri in the 
vapour Htato nt 28"C and 7()'^Gtuid of its Holutionsm COI4, CaC]^ and liuptana luivo boon ro- 
coj'dod With a I'orbni Elnun Model 21 Hpoctrophotoriiotor Jt is obsorvod that the ratio ol 
the into^nated absorption at the hands (W12 cin-i and 750 cm-i romainfi alinoRt Iho saiim v\lu)r 
the lupiid a.t 2S'C is oonvorlod into vapour, while tho ratio dirmiiiHheH oonsidoiably wdien 
the vapour ih lioatod to 70‘’C. In tho ease of bolutioiiR in CCl^ and r:jC’i4 the band 750 oin-J 
diHappears. wdiile m tho ease of solution in heptane no mieh ehanpo takes jilure These 
roHults have boon (Kplaiiied on tho nKsuniption that, in the licjuid state almost all the molecmlos 
uro in the associated .state foiiiuinj: two typos of dimors one through tho Off .(1 bond and 
the other tlirough the II-O. H bond. » 

I N T II O J) U C T I 0 N 

- Mi/dishinifx et al (19.39) had earlier aiuclied IhcMiilrared absorption Bpouiruin 
of etliylouo ulilorbydrm in tho vapour wtate and ohserved throe aliBorpbion maxima 
due to tho Mceond hai-inonie of tlie OH vibration. They assigned two of them to 
one mo]et‘nJ{i.i‘ form and the remaming 0110 of much lower frorpiency to the other. 
In the latter form the hydroxyl hydrogen was assumed to be roiiplod with the 
(hloiiiie atom to foi'm tho eis configuration and the alternative form, in w^hieh 
the hydroxyl gioup was fiee, was eoiisidered to ho the trans configuration. In 
tho liquid state they observed oidy one absorption niaxiiiia and assigned it to tho 
eis configuration. The absonee of the trails eouliguration in the liquid state was 
oxplaiiieil by them on the assumption that tl^e molecules of such configuration form 
intej’iiiolecular hydrogen bond so that the absorption due to the OH group is 
depressed. Later, by studying the Kaman siiectrum of ethylene clilorhydrin in 
the liquid and solid states Miziisliiina et al (1940) assigned the lino G62 em"^ to tho 
trails configuration and tho line 751 cm-i to the gaiiclie configuration of the 
molecule. J 11 tho liquid state the ratio of intensities of the lines 761 cm“i and 
692 cm~^ was found to be about 0.7. Again, Mizusliima ei5a^(1951) studied the 
infrared absorption spectiTim ol tins compound in tho vapour state at different 

♦CoiruiumicaLotl by Prof. 8. C. birkar 
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temperatures ranging from 82°0 to 250°C and found tlio ratio of intensities of 
the absorption bands 760 cm-' and 669 ciir^ to change from 0.551 to 0.84S with 
the chajige of temperatures mentioned above. 

The Raman spoctruin of the vapour of the substance at 130'’C and 180°C 
studied by Mazumder (1955) showed that the intensity-ratio of the two linos 
750 cm~^ and 662 cin-^ is about J : 1 at 130'‘C anti 5 : 1 at 180‘^C. These results 
are not in agreement with those for the infrared spectra reported by Mizushima 
et al (1951). In order to understand the cause of tliis distrepancy and also to find 
out the intlueiuje of intern loleiuilar forces on the i-atio of population of the two 
configurations of the molecule, the Jiifraretl absorption spei’tra of ethylene chlor- 
hydrm in the vapour state at 28^C and about 70‘^C, liquid state at 2S"G and also 
ol its solution in different solvents have bcicn investigated and the results have 
been compared with those reported by piovious authors. 

E X P E n I M E N T A L 

The infrared absoi’ption spectra w'ere recorded with a Perkin-Klmer Model 
21 spoctrophoi-ometer. ComjieuRation cells containing solvents were used 
in the rcA^reiice beam to balance the absorption due to the solvents in each case 
while the s]Doctra due to the solutions were recorded. 

Chemically xmre ethylene chlorhydrin obf<ained from B.D.H. was dehydrated 
and fractionated. The solvents were also of xmrest qualit3^. The absorxition 
spectra of the pure liixuid were rticorded by using very thin films of the liquid 
enclosed betw^oon two NaCl discs. The thickness of the sample coll containing 
solutions was about 2% larger than that of the comxjeii^'jating coll used in the 
veforonce beam 

A l0-c,m cell containing a few drops of ethylene chlorhydrin in a side tube 
was used to record the abBorjition sxiectruiii of the vapour. In this case also a 
compensating cell was used, The apparatus w as balanced very carefully till the 
CO2 bauds due to atmospheric carbon dioxide wore abseni in the rei'-ord. Idie 
C-Cl bands due to the solvents were also absent in the test records when only 
either CCI4 or C2CI4 was introduced m the cells in both the beams 

RESULTS AND DISCUSSION 

The absoiption curves due to ethylene chlorhydrin in the liquid state, in 
the vaxiour state at 28*^0 and about 70”C and those of the solutions in CCI4, 
C2OI4 and heptane are reproduced in figures 1-6 and 7 respectively. The fre- 
quencies of the bands in the sxiectra are given in Table I. 

It can be seen from Table T as well as figure 1 (b) that in the liquid state the 
band due to OH valence oscillation is many times stronger than the two bands 
at 2960 cm"^ and 2880 cm~^ duo to CH valence oscillations and it extends from 
3100 cm~^ to 3650 cin'^ with the broad maximum at 3360 cra-^ and a low inflexion 
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TABLE I 

Froquenoies of tlio absoi-ption bands in the spectra in cm“^ 


Pure othylone Solutaon of otliylene 



ohlorliydrm 



chlorhydrin 



Luiuitl 

Vapour 

in CCI4 

in CaC]4 

111 heptane 

662 

(3) 

662 (2) 

662 

(ro 

660 (6) 

660 

(3) 

740 

(2) 

7.60 (1) 




750 

(2) 

840 

(2) 

840 (4) 

842 

(1) 

840 (1) 

840 

(i) 

o:{0 

Fd 

020 (2) 

025 

(4) 

920 (1) 

020 

(2) 

1026 

(J2) 

1036 (10) 

1030 

(«) 

1030 (8) 

1026 

(12) 

1006 

(16) 

1060 (15) 

1066 

(16) 

1066 (20) 

106.6 

(i.6) 

1160 

(1) 

1180 (2) 

1160 

(0) 


1180 

(1) 

1240 

(1) 


1190 

(0) 

1196 (1) 


1206 

(4) 

1285 (2) 

129.6 

(3) 

1290 (4) 

1280 

(2) 

1380 

(0) 

1380 (3) 

1380 

(!) 

1386 (2) 

1380 

(i) 

1430 

(3) 

1430 (0) 

1430 

(3) 

1430 (3) 

1430 

(1) 

2800 

(3) 

2800 (4) 





2060 

(•'5) 

20.60 (6) 






3360 

(16b) 

3400(lb) 






3600 

(3) 

3610 (2) 








600 800 1000 1200 1400 

p in cim-i 

Kg, 1(a). Infrared absorption onrvo of thin film of pure ethylene chlorhydrin 
formed between two NaCl disea. 
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2000 2800 .‘{000 3200 3400 3600 3800 

— » p in cm-i 

I’lp;. 1(&), Infrarod absorption ourvo of thin film of pin o ethylene chlorhydrin 
formed between two NaCl discs. 


at 3550 cm'^. On the othei- hand, in the Hpoctrum due to the vapour [figure 
2(b)] the OH band is vejy weak coniiiarod to the CHg bands, but it consists of one 
sharp peak at 3640 (un"^ and a weaker l)ut broader bjind extending from 320()ein“^ 
to 3500 em~^. Thus it is evident that the OH band with its maxhmira at 
3360 cni~^ obsei'ved in the spectrum duo to pure liquid is almost absent hi that 
duo to the vapour. Tins conclusion is not in agreement witli that drawn by 
Mizushima et al, (1939) from the results of investigation of the second harmonic 
of the OH bands in the near infrared region. 

Table T also shows that this 1430 cni'^ band due to OHg deformation oscil- 
lations in the liquid becomes remarkably weaker, whereas the band at 1380 cm“^ 
becomes stronger in the vapour state. TJio ratio of the integrated absorption 
at the two bands 662 cm" ^ and 750 cm“i due to the vapour at 28°C is, however, 
almost the same as that in the case of the pure hquid. The values of the ratio 
observed in the absorption curves due to the three solutions given in Table I 
are of great help in determining the causes of these changes. 
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ROO 800 1000 1200 1400 

— > V m cni“i 

Kig Jl. Tiifrarod absorpl/ion curve ot oiliylcno chlorhydrin i/i tho vapour 
aL about 7()'^C (ooll 10 cm). 

A foTUXJarisoii of the curves in ligures 1 , 4 and 5 show that when tho i)ure 
licjuid IS dissolved either in CCI 4 or in the C^Cl^ the band 750 em“^ disappears and 
the bands 842 cni“^ and 1030 cm" ^ become weaker, whiJe the bands 0G2 cm~^, 1065 
cm-^ and 1380 cin™^ become stronger. Thus the latter throe bajids are to be 
assigned to one configuration of the molecule. Tlie frequencies 662 cm“^, 
845 cm"^ and 1035 cm wore, however, assigned by Mizushima etal (1951) to the 
gauche configuration and tho frequencies 750 cm"’^ and 1065 cin^^ to the trans 
configuration It is quite evident from figures 1 and 4 that the frequencies 
750 cm“^ and 1065 cm cannot bo assigned to the same configuration of the 
molecule. On the other hand, if it is assumed that tho band 1065 em"^ is pro- 
duced by the trans configuration, the band 662 cin“^ is also to be assigned to 
tho same configuration. 

In the solution in CCI 4 or C 2 OI 4 the formation of OH. .01 bond between the 
OH group of ethylene chlorhydrin molecule and the chlorine atom of the solvent 
molecules is highly probable. In that case the frequency 662 cm“^ is to be 
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600 800 1000 1200 1400 

> in om-i. 

Fig, 4. Tnfrarod absorption oiirvo of 2% solution oi ethylene olilorhydnn 
m CCI4 (coll 0.1 mm). 

assi filled to su(;h assooiiilod iiioloouloR. The disappearance of the Raman Jine 
750 cni“^ in the apectrum due to the aoUd state of ethylene chlorhydnn (Mixushima 
et al, 1940) indicates that Die molecules jn the associated state yields the fre- 
quency 662 cm“^, while the weakening of the Raman line 662 cm“^ in the vapour 
state (Mazumder, 1955) shows that the single molecules pixiduce the frequency 
750 cm“^, becjausc sjiiglo molecules arc expected to predominate in the vax3our. 
In the liquid state we can exxiect the formation of dimers through OH. .01 bond 
between two ncighbourmg molecules [figure 6(a)]. Also pome of the molecules 
may become associated through IJ-O..H bond [figme 6(b)] as pointed out by 
Pauling (1945) in the case of o-chloroi)henol. The nature of the OH band at 
3360 cm"^ given by the liquid in the present investigation appears to be similar 
to that of the OH band exhibited by o-chloroi)henol (Sirkar et al, 1958) and this 
may confirm the assumption made regarding the formation of dimers through 
H.O..H bond. 

Table 1 shows further that in the liquid state the ratio of the integrated 
absorption at the bands 662 cm“' and 750 cra’"^ is about 3: 2 and in the vapour 
state at 28°C this I’atio remains practically unchanged. To explain the results 
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— > V in cm-i 

liili arod iib.soi'piioii rurvo of 2% Holiil.iun of otliylene ohiorhydrm 
ill Cl! n b 1 nun) 

described above it may In; assumed that the dimers formed through OH. .01 bond 
predominate in the iKpiicI state and tlie frocincnriy ()t)2 cm"^ is assigned to the C-Cl 
vibration in these dimers. On tlie other hand, the frequency 750 cm" ^ of C-01 
vdiratioii m single molecules may nob be affected by the formation of dimers 
through H-0. .H bond anti the frequency 750 cm“’ may be assigned to tlio C-CJ 
vibration in such diima’S, In the vajiour state at 2S“0 most of the latter type 
of dimers may break up, while those formed through 0-11 . .01 bond may xioraist 
beiiause of gi’catoi’ strength of the virtual bond in this c-asi*.. Thus the bi'eaking 
u]) of the dimors formed through H-0 . .H bond mentioned above is not 
expected to affect the ratio of the integrated absoiptiou at the bands 602 cm“^ 
and 750 cm"b On the other hand, as the intense band at 2400 cm“^ due to 
the liquid is due to H-0. .H grouj), this band disappears as tlie group breaks up 
ill, the vapour state. This may exiilain the absence of the band at 3400 cm"'^ in 
the siieOtrum due to the vapour. Tlie weak baud at 3640 cm~' is the OH baud 
due to the free single moloc-ules. 
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When the temperature of the vapour iB raised to 70“C, however, the height of 
both the peaks at 750 cm~^ and 1035 cni”^ iricreasos relative to those of 662 



•u>- 




^ Carbon 
® Cliloriijo 
® Oxyijcn 
o Hydrogen 

Fig. 6 


and 1060 ein^^ respectively. This shows that the mimbor of single molecules 
increases rapidly due to the dissociation of the dimers formed through 0-H. .Cl 
bond. The I'esults of investigation on the Raman spectra of ethylene chlorhydrin 
in the vapour state at 130“C and 180°C (Mazumder, 1955) show that the ratio 
of the intensities of the linos 662 cm"^ and 750 cm~^ becomes about 1 : 1 at 
130“C and it diminishes to about 1 ■ 5 at 180'’C. So, the latter results are in 
agreonient with those obtained in the present investigation. It is to be pointed 
out, however, that the results of investigation of the dejiendcnco on tempera- 
ture of the relative heights of the absorption peaks at 669 cm“^ and 760 cm“^ 
reported by Miziishima et al (1951) are not in agroomont with the facts observed 
in the present investigation A comparison of the curves reproduced in figures 
1 and 3 shows definitely that the latter curve is duo to the vapour, because the 
band at 1430 ciu '^ is very weak in this curve, whereas it is very strong in the 
curve due to the liquid. It is also found from figure 3 that the band at 
750 cm~^ becomes much stronger at higher temperature of the vapour relative 
to that of the band at 662 cm“h 
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600 800 1000 1200 1400 

— > V in cm-i 

Fig 7. Infrared absorption cuta^o of 2% solution of eLbyleno ohlorhydnn 
in hojiiiino (cell 0. 1 mm). 

Figure 7 shows that the relative heights of the absorjition peaks at 660 om“^ 
and 750 and also at 1025 and 1065 cm due to the solution of ethy- 
lene ehlorhydrin in hci)tane remaui almost the same as in those due to the pure 
liquid. This result is quite in good agroonieni with the assumption made in the 
above discussions, because the hydrogen atoms of the solvent molecules cannot 
break up the dimers flormod through OH .01 bonrl 

It is thus evident from the above discussions that tlie assignment of the fre- 
quencies 662 cm~^ and 750 (un-^ to two different configurations of ethylene chlor- 
hydrin molecules cannot explain satisfactorily the results obtained in this investi- 
gation and that the formation ol dimers in the liquid is to be postulated to explain 
the observed changes in the relative strengths of the two absoi*ption bands. 
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A SIMPLE METHOD FOR THE ENERGY ESTIMATION 
OF ELECTRON PAIRS 
P. K. ADITYA* 

rilYBlGS HoNOUBS SchOOI,, PaNJAB UnJ VKBSITY, Cll AHI>IC1 ABU 
{Iteceiwd for puhhcat/ion July 2, 1059) 

ABSTRACT. A !«mpl(3 and pmi'tK'.al raothod is (jescribod by winch oleoiron pair 
enorgioH from 2x10^ cv to 1()12 ov can bo eaiimaled with eullicient roliabibty Tbo initial 
divergonco ir allowed modi filiation by the iniiltiplo coiilotiib acattcnng of the nloetrons, and tlie 
energy of the primary photon derived from the obsorvod 0 ]iening, winch is directly moatiiiralilp. 
TJiis method when ajijiliod to a conaidoralilo nurnbfr of pan a obtaiuod from elLctronnignetic 
easoadoH has been shown to yield meaningful reaults. The ailvtintugea and hiuifciitioiis of 
the molhod are dis^mssed. 

During tho couTBe of an investigation (Kumar, 1956; 1957-a, b; Aditya, 1959a, 
b) on the phenomena of electromagnetic cascades at high energies, a simple 
molhod has been used for estimating energy of electron pairs, and found to yield 
reliable results. In principle, the initial divergence of the pair and the subse- 
quent multiple scattering of the two partners are both taken account of, so that 
the energy of the materialising photon can he derived directly from the observed 
opening of the pair. The influence of multiple scattorhig on the true opening of 
a pair has been considered independently also by Lohrmami (1956) who concluded 
that the observed divergence for pairs of energy J Bev., is essentially deter- 
mined by the multiple scattenug. Koshiba et al, (1954:) had also proposed to 
discuss such an infl nonce of the multiple scattering. 

Using the method of energy estimation described below, some results on the 
mean free path for trident production have been recently published (T), where a 
brief outlme of the method was given. In the present article we propose to dis- 
cuss the priiunple alongwith the many ajiproximations and assumptions involved 
and enumerate the merits, demerits and limitations of the method. The reliabi- 
lity has already been chocked (I) by comparing the energies so estimated with 
those expected from usmg other methods. 

When a photon materiahses into a negaton-positon pair, the intermediate 
angle between the two partners is a function of the energy of the photon and of the 
ratio of the shared energies. This angle is minimum when the two electrons 
share the energy equally and increases with the disparity of the pair, the disparity 
being defined as the ratio of the energy of the low energy electron to the energy 

* Ai presenl/ at the Liatitute for Tlieorotioal Physics, TJnivorsity ol C tpHuhagen, 
Deiiiiiark, 
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of the photon. This opening of the pair may bo called its true opening and at a 
certain distance from the origin of the pair, the separation due to it be denoted 
as dj,. 

It is well known that during passage through condensed matter, charged 
particles undergo multiple coulomb scattering the magnitude of which is a func- 
tion of the particle momenta. Since the true opening is usually small (~10“® 
radians for an energy~a few Bev.,) the multiple scattering is expected to lead 
almost alw ays to an increase of the true angle. For example, according to Baroni 

et a? (1953) the probability that the angle is increased is'^ where fz is the 

solid angle defined by the aperture of the pair. Let us denote this increase in the 
separation of the pair by dg. 

- Consequently, the observed separation is a resultant of the true opening 
dq,, and the subsequent sexiaration due to scattering d^,. Wo shall estimate d,j, 
and dg in order to find their relative magnitude at various distances from the 
pair origin. 

Steams ( 1 949) has derived the root mean square value of the angle (o^ between 
the electron and the direction of the photon, so that in the case of cquipartition 
of energy between the negaton and the positon, the r.m.s,, value of the true 
opening angle of ihe pair is given as : 


Op 



In 


E 

mc^ 


... (1) 


For the electron rest mass, m — 0.5Mev., and photon energy expressed also in 
Mev., eq., (J) gives 

OpCirlO/^ ... (2) 

for photons of energy from 1 Bev., to lOOBcv. Folloudng similar arguments, 
Borsellino (1953) has derived the most probable value of the opening angle, 
given as 


Athc^ j 

~E~'^ 


( 3 ) 


where 0 = 1 for energy equipartition and ~ 1 oven when the energy of one of 
the electrons is twice than the other. Substitution for m, and for the photon 
energy in Mev., gives 

(jipe=si2IE ... (4) 

The energy found from Stearns’ relation (eq. 2) is seen to be about five times 
that found by using Borsellino ’s relation (eq.4). Since the latter gives the most 
probable value, and that in the energy region upto ~ 200 Mev., the results of 
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Hinterman (1964) suggest bettor accordance with Borsellino’s relation, we have 
amongst many other workers, preferred to use this relation. Thus 

(<3,1=^, .« ... (5) 

where t is the distance measured from the pair origin, and has the same units 
as say microns. 

From the theory of multiple scattering, it is known that when two electrons 
of equal energy ai'e mvolved, the mean relative scattering in t /a, is given as 

= *100/* "■ ( • 2 * ... ( 6 ) 

whore ajoo/* denotes 111 degrees the mean scattering angle per 100/i, while 2^ arises 
on account of the assumed equal scattering of the two electrons. For a photon 
of energy E (in Mev.,) and oquipartition as above, 

“i”" ~ A72 ~ A' ■■■ 

whore K, the scattering constant is taken — 26 for the units of a and E mentioned 
above. In view of the approximations involved in the method, much purpose 
is not served by taking into account the variation of the scattering constant with 


cell size. 

iSo that oqs. (0) and (7), with 



- Q ds 180 

... (8) 

lead to 

d. = 

... (9) 

where d^ 

and t, are as usual in microns. 



Equating dji from eg'. (5) with from eq . (9), it is seen that the contribution 
due to sesattering is as much as that due to mitial divergence at a distance of 
~250 (i from the pair origin, while for all larger distances, predominates over 
d^. As an illustration lot us consider the combined effect of dy and d^ 011 a pah 
of 10 Bov. In figure 1., are plotted the curves between tlie expected separation 
agauist distance from origin. In addition to the curves for the original and scat- 
tering corrected separations according to Borsellino’s and Stearns’ relation, 
are included two curves, one showing the contribution of multiple scattering 
alone (curve 3) and another showing the separation expected according to Bor- 
selliiio’s relation for a pair of energy 1 Bev., (curve 6). The close proximity 
of curve 6, with the other curves for 10 Bev., indicates that without a suitable 
correction for scattering, the opemng angle relations w^ould lead invariably to 
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ail underoHtimaticjii of energy It is also evident, that as higher energies are 
approached, it makes little difference as to which one of the Borsellino’s or Stearns’ 



Difechaige from pair origin (mm) 

Fig. 1. Hoiuiiiition foi u pair has boon plotted iigiiinKt llie dislunro from jmir 

Origin, a 10 Ikiv. puii , ciii vcs 1 ami 2 slioAv the soparatjoii iicoording to Ibe relufcioriH of 
l^orHclluio and iSloaiitR, \\'Uilo tMiivo S ludicatoH (.lie root moiui htpiiiro value ol tbo heimi'ii- 
tion due to iim1ti]do seat tei uig aloiio, Cloiihocpiontly, 4 niid fi uio tlio n-spooiiivo modified 
(au'vt'K. CuLve (i, wlueli gives TJoisollmo’s Hepavaiioo for a I Hev,, pan ih nicliided for 
eoinpai iKon, 

relation is used or may be that none of the two is essential, as has been concluded 
by Lolirmann (1055). However, since no sharp out off can be dolined above 
or below whicli either of the two contributions duo to initial divergence or scat- 
toring may be neglected, it appears advantageous to i-onsider at all energies 
tlie combined effect of initial divergence and scattering, so that none of the two 
is deprived of its t] iu\ importance at various stages of energy and distance from 
origin. 

For various energies from 100 Mev., to 1000 Bov., curves betvvei^n expected 
scpai-ation and distance froui jiair origin were drawn in figure 1, of (/). These 
ciu’vos ean, in short, bo expressed in the form of an equation as : 

JS? -- 6 . rf-i . ... (10) 

where E is in Bov., t in mm and d in ft.. 

it had been formerly felt that in those cases, when the energy is so high as 
to allow no moasurement of the separation made within a few mm, from the origin, 
the measuiemeiits made at larger distances involved uncertaiuity duo to radia- 
tion losses, largo single scatters and the presence of increasing number of secondary 
phenomena. At the present stage, most of this difficulty can be overcome by 
making use of the arguments described very recently by Weill (1959), according 
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to whom the variation of iomsation alojig the combiiiod track can bo used to 
derive the separation between the two partners. 

The enei’gies of 20 pairs imtiating soft cascades, a number of associated pairs 
in the vicinity of a liigh energy interaction (Kumar, J95S, Aditya, 1959-c) and the 
secondary pairs of all these showers have been estimated by this method. Kesults 
in the very high region (Table 1, Aditya, 1959a) and the energy spectrum of the 
secondary electrons (figure 2, Aditya, 1969a) install confidence in the reliability of 
the energies estimated by this method. In the energy range, where the multiple 
scattering moasuroments are meaningful, both these methods yield identical results. 
There are however two factors that may point out the inaccuracy of the assump- 
tions. Firstly, because of the sejiaration due to relative scattering having an 
r.m s., distribution, the most piobablo value shall not bo as much as the r.m.s., 
8epai‘ation, so ihat the method would load to an overolitimation of the pair energy 
Sei-ondly, sini-e energy eL|uipartitioii has been assumed, whenever one of the elec- 
trons has an energy miuih different from that of the other, the application of this 
method is likely to underestimate the energy, it is expected that in most of 
the cases these two factors might compensate for each other hut it caimot bo so 
for all pairs. That is why, for an individual jiair the method is not likely to give 
in all cases the most representative value for the energy. Tho jirobability oonsi- 
dorations mentioned by Lohrmaun (1965) would apply to tho distribution of the 
pan separation as a result of which large discropaucios have to be allowed for in 
some cases. Inspito of these limitations, tho method has a few outstanding ad- 
vantages. It is perhaps the most simple method and can be applied oven to 
those events which occur in tho stack under unfavouiablo geometrical condi- 
tions such as steepness. Unless one needs to go very far from tho pair origin, 
which is not essential in most of the oases, tho influence of l adiation losses is Icnown 
to be small. Provided the pair separation is not duectly measurable in the vici- 
nity of the origin, it may be derived from the change of ionisation (Weill 1959). 
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POWDER DATA, UNIT CELL AND SPACE 
GROUP FOR FERROUS SULPHATE* 

C. W. K. T. PLSTORIUS 

iNHTJTrJTB OiT (teopiiysics, UjsiivKiiHrTy OS’ California, 

Los ANaii.LTi'« ‘24 CALTH-RNfA, U.S.A, 

[Uecshii-d for puhhration, Juhj G, 1059) 

ABSTRACT. Anhydi’ouf. ferrous aiilfiite cryslallizoB in the orthorhombic aystem. The 
cliineiiHioiis of tho unit coll are «<, = 26 1 A, ho - 8.0] sA, Cq — 6.454A The moat probable 

epaco ptroup is Oi’y/i -Cmcm Tho unit roll contains fF(.804)j 

J N T R O D U C T 1 0 N 

Among compounds of the gcnercal formula MRO4 there are some whoso 
crystal properties, in spite of their simple composition, are still unknown. Such 
compounds are, for example, the anhydrous sulphates of tho bivalent metals 
copper, iron, manganese and cobalt. 

Our present madiiquate knowledge of the crystallographic properties of these 
compounds is mostly due to the fact that they either form unstable, 
very hygroscopic crystals which are difficult to handle for x-ray analysis, or else 
do not form single crystals of satisfactory dimensions, but only a fine microcrys- 
talline pow'dor. ReSO^ is one of the latter. 

Recently, hoAvevor, Oimaras (1057) succeeded in growing single crystals of 
NiSO^ which possessed a sufficient size to enable him to determine the unit cell 
and space group. The present investigation Avas undertaken in the expectation 
that FeSO^ wou|d bo isostructural with NiSO^, and that an unambiguous assign- 
ment of the jiowder pattern of FeSO^ could be made in analogy to the known 
pattern of NiS04. 


EXPERIMENTAL 

Fresh reagent grade FCSO4. THgO was obtained from Merck. The company’s 
analysis of the purity of the compound w^as as follows ■ Insoluble substances 
0.010%, chloride (as Cl) 0.001%, phosphate (as POJ 0.003%, alkalies and 
earths 0.05%, cojiper (as Cu) 0.005%, feme iron (as Fe) 0.010% and zinc (as 
Zn) 0.005%. 

A weighed quantity of FeS04. 7HjjO was heated to 150°C in vacuum for a 
period of throe hours to drive off fiHgO. The product was then heated to 350°C 

* Publication no. 1G5 of tho Instituto of Geophysics. 
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in a nitrogen atmosphere for one hour (Hedvall and Heuberger 1923). The 
weight loss agreed with the expected value. 

The x-ray powder diffraction pattern of the resulting FeSOi, ground into a 
paste with petroleum jelly, was obtained at 26“C in a Noreleo high angle recording 
diffractometer, using FeK^ radiation (A = 1.0373 A) and a Mn filter. The scanning 
speed was l/8°(20) per minute High-purity sodium chloride was used an as 
i nternal standard . 

TABLE I 

Spacings of anhydrous ferrous sulphate 


obsorved 
d-Hpaeing 
ill A 

caloiilatorl 

<7-apac'irig 

in A 

hkl 

relative 

intensity 

in A 

4.373 

4.398 

110 

27 

3 . 982 

4.006 

020 

16 

3.045 

3 034 

in 

84 

3 408 

3 404 

021 

36 

2 018 

2.631, 2.602 

200, 112 

100 

2 371 

3.382 

130 

29 

2.051 

2 039 

202 

17 

1 993 

2.003 

040 

10 

1 919 

1 913, 1 .916 

041, 132 

7 

1 . 825 

1.817 

222 

23 

1 700 

1.702 

042 

30 

] . 009 

1.613 

004 

6 

1.589 

1 594, 1 596 

240, 133 

5 

I 640 

1..547 

241 

6 

1.520 

1 515, 1 .513 

114, 312 

10 

1 . 402 

1 .466, 1 466 

043, 330 

R 

1 .431 

1 420 

242 

30 

1.386 

1 385 

162 

6 

1 .314 

1.315 

400 

6 

1 .284 

1.281 

243 

4 

1 .251 

1 . 250 

420 

4 

1.094 

1 099 

440 

7 
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RESULTS 

The powder pattern obtained was almost exactly identical to that of NiS 04 , 
of which the powder pattern is listed in the ASTM powder data card file. However, 
it was totally different from the unassigned ASTM c;ard for FeSO^. Presumably 
the former measurements were made on oxidized or inconiploiely hydrated 
material. 

All the observed diffraction peaks — ^which wore rather broad, due to poor 
crystallization — (',ould be satisfactorily assigned as duo to an orthorhombic 
lattice with the following unit-cell dimensions, as obtained from a least-squares 
treatment ; 

a„ = 6.261 i.OloA. 

5„ = 8.013±.006A, 

Co = 6.464±.oa5A. 

The axial ratios are 

ao : 6 „ : Co = 0.6666 : 1 : 0.8064. 

The calculated density of FeSO^ at 26°0, assuming 4 molecules per unit cell, 
is 3.707 gm/cm®. The exporimontal value is 3.346 gm/esm'* (Thorpe and Watts 
1880). It is probable that, as Himaras (1957) found in the case of N 1 SO 4 , the 
crystallites have an incomplete internal development due to (savilies, consequently 
causing a spuriously low macroscopic density. 

The observed and calculated d-spacings, assigned indices and observed relative 
intensities are listed in Table I. The pattern is completely aualogoiis to that 
of NiS 04 , and it consequently seems safe to assume that the sjjace grouj) is also 
the same, viz. Cmcm. 

As the unit cell contains four molecules FeS 04 , it is necessary to arrange in 
it four Fe, four S and sixteen O atoms. The space-gioup symmetry Cmcrn possesses 
three four-fold positions. Two of these, position (a) (0, 0, 0; 0, 0, 4, 0; i, 

4 , 1) and position (b) (0, J, 0; 0, J, 0, 0; I, 0, J) coincide with symmetry 
centers, while the third position (c) (0, y, i; 0, y, I;-, J, J-f y, i; i, i ~y; |), with 
one degree of freedom, lies on a two-fold axis. Because of the presumed tetra- 
hedral arrangement of the 0 atoms around the S atoms, the only possible positions 
of the S atoms are (c). The SO 4 tetrahedi’on is further oriented by the symmetry 
in such a way that its two-fold axis coincides with the ( 0 , y, J) axis. 

In this way the 0 atoms occupy eight-fold positions, and, in particular, 
tbe 0 atoms of one pair lie on the ( 0 , y, z) plane while those of the other jiair lie 
on the "(», y, J) plane. The Fo atoms must necessarily occjupy one of the four- 
fold positions (a) or (b). 
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ABSORPTION OF 8-MILLIMETRE WAVES IN ETHYL BROMIDE 
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Institute oh’ A.rrLnQD Physics, Uniyeusity of Aelaharad, Allahabad, India 
(Receiwd for publication September 1, 

The absorptiou of H rara oleei.roroagnoiic waves has been studied in ethyl 
bromide at various pressures and two temperatures. The technique of measure- 
ment has already been reported. Klysi-roii QK292 was used to generate power. 
Constant temperature chamber was used to maintain temperature. In the 
present eipiipinent a live foot absorption cell has been used, 

The pressure variation of the absoiiitiuii has beou studied and it has been 
found that pressure absorption curves do not follow oxaotly the general pattern 
a(v)xyi^, indicating that study is being made in the I'egion of rotational lines 
of ethyl bromide. 

Table J gives the absorption coefficient values in ethyl bromide at two 
temperatures. 


TABLE I 

Absorjitioii coefficient of ethyl bromide at various jiressures and two temperatures 
Wavelength 8 mm 


No. 

Temporaturo 

"K 

Pressure 
(cm of Hr) 

Absorption 

Cooffifiont 

1. 

283 

T) 

10.6 



10 

20.7 



15 

25.6 



20 

34.2 , 

2. 

303 

5 

7.6 



10 

15.8 



15 

20.2 



20 

28.1 
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Letters to the Editor 


Ethyl bromide is nearly a prolate rotor (K = — 0.98 )i. The constants A, B 
and C have been determined by Wagner, Solimene a^^id Dailey (1956). The 
constants for CaTTsBr’® are B -= 3804.82 Me and 0 = 3622.21 Me and for 
CaHgBr®’ are B 3781.92 Me and C = 3502.60 Me. They have observed lines 
for the transitions 2^, .^->3^,3, 22,1-^32,2 and 22,o->32,i. 

The absorption observed at 20 cm is very high. The total microwave ab- 
sorption at a given frccpiency is the sum of (i) ol ^ — resonance absorption i.e. 
absorption due to transitions taking place at the frequency of the measurement, 
(h) ag -absorption due to transitions ta,king place at frequencies (not zero) far 
removed from the frequency of measurement, (iii) ol ^ — absorption due to transi- 
tions taking place at zero frequency which are broadened by collision (Debye 
type). Therefore, the absorjition observed is the sum of absorption due to Q 
branch transitions (A J = ~\-D) and R branch (A J — -j-l) transitions. The 
majority of transitions which have high intensity, belong to Q branch and the 
most of them are at zero wavenumber. It seems that the absorption duo to lines 
at the frequency of measurement (belonging to transitions 4— >>6) is heavy. Contri- 
bution of R branch transitions removed from the frequency of measurement to 
the absorption is also considerable. 

The absoriition due to transition at the frequency of measurement is inde- 
pendent of pressure and absorption due to hues removed from the frequency 
varies as Therefore, the observed absorption is neither independent of pressure 
nor, follow the law a(v)ocj/‘*. 

.. As far as the temperature variation is concerned, as the observatioiijp^'^re 
only at two temperatures nothing definite can be said. * . ' 

Attempt is being made to calculate the absorption theoretically and to deter- 
mine the value of Av. 

■’) 
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OF iSriENCjs, Calcutta-32. 

{Bccciufd, Auq-vtRl 31, 19C9) 

Plate IX 

ABSTRACT. Debye-Scherror pattorns of pure 1, 3, S-triohloroben/ono at 30^0 as 
well ns at -]fiO°C hnvo })oon pliotograjihod and unalyseil. Ainilynis of the patterns showK 
that the rrystals of the Hubstnnco belong to orthorhombic system with 0-^14. IsA, ?; = 9.90A, 
c— 0.32 A and at -180''’C only a very small amount of eonlraction takes plate. An electron 
diffraction pattern of a microciyatal rosombling that due to a fibre has also been iihol o- 
graphed with tho fibre axis along the c-axis of tho r-rystal. The unit cell dimensions 
mentioned above could explain all the reflections in the electron diffi action pattern. 

Considering the dimensions of the unit cell and Ihe approximate density of the 
crystal the nnmbor of moleoulos in tho unit cell was found to he four, the accui’ate value of the 
density being 1.34 gm cm"^. The^[uice group Dt 2 been assigned to tho crystal. 

INTRODUCTION 

The mole(5iil©8 of 1, 3, 5-trichlorobeiweno in the vaiiour state have a three- 
fold axis of rotation which makes the 0, 0 transition forbidden, and this has been 
eoafirmed by the results of the study of ultraviolet absorption spectrum of the 
vapour (Sponer and'^Hall, 1948), The 0,0 band was, however, observed in the 
absorption spectra of the ciystals of the compound at — 180°C (Banerjee, 
1957) and of its solutions in certain solvents (Roy, 1957). It was pointed 
out by Banerjee (1957) that the appearance of the 0, 0 band in the spectrum 
due to tho crystals of 1, 3, 5*trichlorobenzone might indicate disappearance 
of the three-fold symmetry of the molecule in the solid state. More recently 
the polarisation of the absorption spectra of single crystals of the substance 
has been studied by Schiiepp (1959) and he has observed that the spectrum 
consists of two parts wliich are polarised differently and has concluded that 
the new portion of the spectrum is induced by the crystal field and not by 
the deterioration of the three-fold symmetry of the molecule. Ho has also drawn 
some conclusion regarding the orientation of molecular planesrin the crystal. As 
the crystal structure of tho molecule not known and it is difficult to grow 
single crystals attempt was made to determine its ^ace group by studying the 
Pebye-Scherrer pattern of the crystal and the results are reported here, 
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E X P K r M E N T A L 

To photograph the Bebye-Schorrer pattern of 1 ,3,5-trichlorobenzoiie the 
BubBtauce was purified by repeated crystallisation from solutions in benzene and 
ether and only very line needles were obtained by this method. Different solvents 
and different procesBes of crystallisation did not produce any well-defined single 
crystal. The needles were powdered and packed within a Lindemann glass capi- 
llary tube of bore 0.3 mm, and the Debyo-Scherrer pattern was photographed at 
30“C with a cylindrical camera of radius 4.50 cm. The same pattern was also 
photographed with the sample at— 180"C in the same camera with a special 
arrangement for producing low temperature (Biswas, 1958). Cu-radiation filtered 
through nickel foil from a Seifert X-ray tube running at 32KV and 26mA was 
used to photograph the patterns with an exjiosuro of 31’ hours 

The patterns arc reproduced in figure 1(a) and figure 1(b) respectively. As 
well defined single crystals could not be prepared to photograph rotation 
diagram and to calculate the unit cell dimensions precisely, the habits of the 
single microcryBtals were studied under electron microscope The microcrystals 
were found to be of fibrous sl/ructure and actually an electron diffraction pattern 
was successfully photographed which (‘.losely resembles that due to a fibre 
(figure 2). 

* 

H E S U I. T S yV N n D 1 S (Ur 8 N 1 O N 

Aiiart from the difficulty of preparing single crystals the determination of 
the unit cell dimensions from the powder pattern of 1, 3, 5-tnchlorobonzonc was 
found to be very difficult since ordinarily rings due to spacings higher than 4.25 
k coulcl not be observed and therefore rings due to simpler planes from the indices 
of which the axial lengths of the unit coll could be determined were not recorded. 
In one of the well exposed photographs, however, very faint rings due to longer 
spacings were observed. These were extremely helpful in the determination 
of the unit cell of the crystal. 

In the determination of the axial lengths of the unit cell Lipson’s (1949) method 
was applied. Pirst, attempts were made to index the Dobyo-Sclierrer rings in 
terms of tetragonal and lioxagonal systems, but the data did not- fit in either of 
these systems. The unit cell dimensions calculated for the orthorhombic system 
from the three constants A^/4n^(— .00296), A‘^/4&‘^(^ .00606), A‘^/4c*( = .01482) 
are 14.15, 9.90 and 6. 32 A respectively. The spacings observed and the values 
of siri^^? observed and calculated from the above unit cell dimensions are given 
ill Table 1. It can bo easily seen from Table I that all the observed spacings of 
the Debye-8cherrer photograph can be uniquely explained with these unit cell 
dimensions. It can also be seen from figure 2 that the electron diffraction pattern 
resembles single crystal rotation photograph. The primitive translation along 
the fibre axis calculated from the electron diffraction pattern was found to be 
6.32 A. This value exactly coincides with the primitive translation along the 
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TABLE I 


Indexing of powder photograph 


Observed 

epacingb 

Intensity 

Valnes of 



Observed 

culci dated 

14.150 

(v\v) 

00300 

.00290 

0 . 900 

(vw) 

. 00605 

.00605 

7 071 

(vw) 

.01186 

.01184 

5.327 

(vw) 

.02080 

.02087 

4 963 

(vw) 

02407 

.02383 

.02420 

4.244 

(w) 

.03306 

.03259 

3.904 

(m) 

.03890 

.03902 

3 769 

(vs) 

.04175 

04198 

3.531 

(vs) 

04755 

.04736 

.04741 

3 . 402 

(m) 


,05086 

.05074 

3.288 

(ill) 

.05484 

05445 

3 093 

(w) 

06195 

. 06224 

.06218 

3.004 

(m) 

. 00509 

.06550 

2.780 

(m) 

.07070 

.07717 

2 . 720 

(w) 

.07980 

.08005 

2.070 

(m) 

08320 

08348 

2.545 

(m) 

.09150 

.09187 

2 490 

(m) 

09500 

. 09532 

2 302 

(w) 

. 1003 

.1065 

.1000 

2 . 300 

(rn) 

.1120 

.11162 

.11209 

2.214 

(w) 

,1210 

.12138 

2 150 

(w) 

1270 

.12743 

2.105 

(w) 

.1339 

.13328 

2.040 

(w) 

.1424 

.14239 

1 . 959 

(m) 

.1545 

.15421 

1.015 

(m) 

.1615 

.16109 

1.871 

(w) 

.1095 

.10942 

1 70S 

(w) 

.1879 

. 18944 

1 740 

(w) 

.1958 

. 1 9549 

1 . 060 

(w) 

2163 

.24137 

1 . 003 

(w) 

.2308 

.23018 

.22964 

1 . 353 

(w) 

.3238 

.32290 

1 332 

(w) 

.3342 

.33392 


Indices 

{hH) 

{\0i)) 

(010) 

( 200 ) 

(Oil) 

( 111 ) 

( 020 ) 

(310) 

(021) 
(121) 

(400) 

(311) 

(221) 

(320) 
(030) 
( 102 ) 

(401) 

(321) 
( 212 ) 
(510) 

( 022 ) 

(312) 

( 222 ) 

(000) 

(402) 
(041) 
(412) 

(001) 

(fill) 

(502) 

(113) 

(150) 

(431) 

(223) 

(800) 

(810) 

(333) 

(043) 
( 200 ) 
(370) 

(044) 
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TABLE ir. 

Interpretation of electron diffraction {dictograph 



Observed 
spaoings (A) 
and Intensity 

Calculated 

(A) ■ , '■ 

Indioes 

(hkl). 

Zero layer line 

1.916 (s) 

1.917 

(630) 


1.413 (m) 

1.414 

(760) 


1.165 (m) 

1.166 

(770) 


0.981 (s) 

0.9806 

(2,10,0) 

First layer line 

.3.091 (s) 

3 086 

(401) 

2 1.56 (8) 

2.166 

(611) 


1..570 (m) 

1.670 

(651) 


1 . 2.54 (s) 

1.262 

(761) 


1 065 (m) 

1 055 

(391) 

Second layer 

2.167 (ni) 

2.172 

(232) 

line 

1.631 (vs) 

1.631 

(262) 


J.311 (m) 

1.309 

(841) 


1.096 (m) 

1.095 

(482) 


• 0.936 (m) 

0.9365 

(2,10,2) 

Third layer 

1.889 (vs) 

1.889 

(313) 

line 

1 564 (m) 

1.564 

(243) 


1.293 (m) 

1.293 

(163) 


1.107 (vs) 

1.107 

(10,33) 


0.965 (w) 

0.9548 

(193) 

Fourth layer line 

1.230 (s) 

1.230 

(164) 

1.065 (m) 

1.066 

(844) 


0 . 956 (in) 

0.9648 

(384) 

(11,34) 

Filth layer lino 

1 236 (s) 

1.235 

(316) 

1 060 (w) 

] 000 

(625) 


1 016 (w) 

1 016 

(646) 


0.899 (b) 

0 8995 

(765) 


C-a:dfi obtained from the Debye-Scherrer ^ttem by applying Lipson's method. 
Uaing the values of a, b and c mentioned above all the reflections observed in the 
electron diffraction pattern could be Bucoes^ully indexed. The observed spacings 
and those calculated from the values of &, t as well as the indices are given 
in Table II. As the agreement is satisfactory it can be concluded that the crystal 
.of 1, 3, 5-trichlorobenzene belongs to orthorhombic system with the unit cell 
dimensions 

0 = 14.161 
6= 9.90l 
e- 6.321 
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Fig. 2 Electron-diffraction pattern of 1 ,3,5-trichlorobcnzcne at 30”C 
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NUMBER OE MOLECULES PER UNId? CELL 

The density of the substance was nc4?\f3fund in the existing litwature. 
Attempt was made to measure it and the talue' found was 1.28 gm om'’*.. This 
does not give any whole number of molecules in the unit cell. If, however, 
the density is taken as 1,34 gm cm^^ the number of molecules per unit pell becomes 


tne condition of reflection. Since the crystal belongs to orth^ohibic system 
and contains four mole^jules pet unit oeU the probable sp^./^oup is either 
^8ai!> ^2821 or P^^2- 

Consideration of the dimensions of the unit cell, the of th^ molecule and 
number of molecules in tho unit cell led to the conclusion molecules cannot 

be parallel to any of the axial planes. Honce, the space ,J^p and P „,„2 
are to be excluded. ':■/ 

UNIT CELL DIMENSIONS AT - 1 8 0"C 

The Debye -Soherrer pattern of 1,3,5-trichlorobenzene at ■— 180®C is re- 
produced in figure 1(b). Prom the calculation of the spacings of the powder 
rings it can be easily seen that only very small amount of contraction of the 
unit cell dimensions takes place at --180“C. 
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VISIBLE ABSORPTION SPECTRUM OF BENZOQUINONE* 

RAMA SHANKAR SINGH 

DTCPAHTMICNT of SfFCTHOSCOPY, BANAHAS HiNDU UNIVKBSl'rV, Banaras 
(7?^’re^wr■/, Avgutft K, IDfil)) 

Plate X A & B and XI 

ABSTRACT. vjsiblo absorption apoctnim of ^j-lien/oquinono waa stuiliod 

111 the vapour Hi iito 'I’lio biuiris winch lie in tho rc|;^ion of 4100-^000 A coriKist of einiht 
main groups clovelojiod ui ]0()"C m a 50 cm coll About T75 bonds aro nipasured m this 
region. Those' bands are A'orj sharj), many of Ihom having double anil triple heads, 
fine marked feotiireis the ayipeurance of companion bands with 8oparat)oii.s of 36 tim“3 
1 yihg on t ho sliortor Avavo-fengtli side. An analysis has boon proposed assigning the bunds 
us duo to «-7r(Au -♦-Ag) transition. 

T N T H O D U C T T O N 

Benzo(|umone (CgH^Oa) is au important organic compound. It is a fore- 
runner of many dyes as well as anti -bioties. The spectra of its solution enabled 
Braude (liM5) to recognise three different band systems, two in the ultra-violet 
and one in the visible region. 

Bonzoquinono molecule which belongs to S 5 '’mmetry group D^i, is to be dis- 
iinguished from other para-subsiiluted benzene molecules in an important way. 
In the former the 7 r-electrous arc no longer mobile over the entire framework of 
the molecule u if h the rosdlt that bonds become localised. With a view to under- 
stand the bearing of this structural difference on the spectra of the molecule, the 
absorption spectra of benzoqiiinone in its vapour state were investigated in 
detail. The spectrum of the vapour consists of the three band systems (Asundi 
and Singh, 1955), two in the ultraviolet region and one in the visible region as 
already recognised by Braude in its absorption spectrum of the solution. The two 
idtraviolet systems are reported elsewhere In general, they do not correspond to 
the band systems of di- substituted benzenes in the same region. JThe pri.seut 
paper deals with the analysis and discussion of the visible system of bands. 

E X r E K I M K N T A L 

The spectrograms were obtained with a quartz Hilger E492 spectrograph 
and a three prism ‘Steiuheil’ glass spectrograph was used for the visible region. 
The dispersion of the former is about 17 A/mm in this region, whereas that of the 
latter is about 11 A/mm.. Tho previous work was done on the ‘Hilger’ E492 

* ThiH paper ik a part of the author’s thesiH accejAcd for tho Ph.D. degroo of tl)o 
Boimras Hinda IJnivcrHity, 1965. 
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spectrograph and, therefore, the use of the Steinlieil as tlie dispersing apparatus 
proved successful in resolving the multiple heads of many bands. However, a 
comparison of the spectra obtained from both the apparatus Avith regard to in- 
tensity of the bands and their grouinng was found useful. The major portion of 
the work was, however, completed on the Steinheil glass spectrograplr. 

Various absoi'ption cells wore tried, but those supplied for the present iiivesti- 
gation according to the requirements by the Andhra Scientific Company, Musli- 
patam, India, wore found useful. These cells were 5 cm, 10 cm, arul 50 ems in 
length with fused }ilaiic glass end- windows. However, the final spectrograms were 
photographed with a JOO cm cell Avith sealed plane AvindoA\^s, the furnace m tliis 
case being shorter than the length of the cell. The rest of the procedure was 
exactly the same as for part 11 of the senes, except for the source of continuous 
radiation. For this, an automobile head lamp of 25 ? running on a regulated 
constant voltage (S volts) from a battery was used. A reflector was used to 
intensity the radiation which was made into a parallel beam AAith the help of a 
lens before entering the cell. Another lens was used to condense the emergent 
beam on the slit of the collimator. The temperature Avas then raised in succes- 
sive steps of lO'^C as spectra were photographed from room temperature upto 
105"C. Exposures of 1 minute to 2 minutes were generally noodetl for the various 
bands. The weak longer wave-length bauds wore measurd m the spectrograms 
obtained 105°C with two minutes exposm^e Avhereas those obtained at 85"0 with 
two minutes exposure wore measured for the shorter wave length bands. Hoav- 
ever, one very weak shorter wavelength group was measured from a spectro- 
gt'am obtained at 105^ with four minutes exposure, 

II E S U J. T IS 

The substance is a solid at room temperature and sublimes at 115°C. The 
absorption spectrum of the vapour was studied from room temperature upto 105“0 
with the different cell-lengths (Asundi and Singh, 1955). The absorption beuig very 
weak in the visible region, longer cells were found suitable. With 50 cm. coll there 
were no absorption bands jn the visible region upto 70° C. At temperature of 
about 80° C seven main groups of the bands are observed. Of these groups, those 
at 20974 cm“^, 22032 cra“^ and 23157 cm~^ are strong, the bad at 22032 cm“^ 
being the strongest band of the system. Besides these three groups, the weak 
band groups are located at 22476 cm'^ 22837 cm ^ and 23955 cm"^. When 
the temperature is gradually increased, it is observed that these seven band 
groups become more intense, and most of the bands develop double and triple 
heads. At the same time, additional weak band groups appear at 19673 
.cm”^ 20160 cm~^, 20362 cm“^ 20683 cm-^, 21410 cm~i and 21771 cm-^ filling 
the Avhole space between the first two main bands at 20974 cm-^ and 22032 
cm“i and extending considerably on the longer wave-length side of the first band 
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group at 20974 cm“^. At the same temperature, very weak bands also develop 
on the longer wave-length side of all the seven main bands and an additional ex- 
tremely weak band group develops at 24280 cm“^ Thus, the spectrum becomes 
more complex at temperatures between 100“ and 105°C. 

About 175 bands are measured in the visible region including the twenty- 
eight bands reported by Seshan (1936). Many of the bands are sharp and have 
double and triple heads having frequency differences of 7 cm"^ to 12 cm“^ between 
them. Some of the bands are very sharp and line-Uke in appearance. Within 
the eight main groups seven developed at about 80°C and one developed at about 
lOO'^C. There are companion bands lying on the shorter wavelength side of the 
first band of each group and having a separation of 36 cni'^. However, 
at temperatures between 100“C and 105“C, the companion bands also develop 
on the longer wavelength side of the main bands with rccurriiig frequency dif- 
ferences of 37 cm"\ 64 cni~^ and 92 cm~i. Many of the bands are too weak to 
bo measured. 


TABLE 1 


Wnvf - 
length 
in A 

Wnvo- 

iiumbprs 

111 enj"! 

InteiiHity 

iSopara- 

tion 

from (0 0) 

A8.>-igninont 

Romni’kh^ 

r.OHl .8 

19fi73 

LW, s 

-1839 

0-3xbl3 

Tile bandfl from 1 9673 

r.OdS . 4 

19725 

, p 

- 1787 

0-538 1176-2x37 

cni“J to 20097 rni”i 

riOGl) 2 

1 97(iO 

ew, t- 

- 17.12 

0-538 11 70 -37 

were moiifsurcd and 

.1049.7 

1 1)798 

( \\ , v*- 

-1714 

0 - 538 1 1 70 

Ibcii inlpiisituK 

estimated from n 

.io:io.4 

1 9874 

ew, .s 

- lO.lS 

0-3x538- 37 

sjjoetrognun taken 

.1020 . G 

19912 

ew, f> 

- 1 600 

0-3x538 

at a tomperntnre ol 

5001) 7 

19950 

w, d 

- 1 550 

0-538 814- 90-3x37 

]05'‘C witli an ex- 

ions 2 

20002 

VM , d 

- 1510 

0 .138 -814-90-2x37 

ptisure of 2 innnitc's 

4981) . 5 

20037 

v\v. d 

J47.1 

0-538-814- 90-37 


4980 9 

2007 1 

A'w, d 

1441 

0-538 - 814- 90 


4974 .1 

20097 

d 

- 14 1.1 

0 — 538- 814-04 


4958 9j 

1 

20100 

h 

in, H 

1352 

0 - 538- 814 or 

0-538- 01 3- 5x37 12 

The bands iioni 20160 
rm-t to 20910 cni~i 

4950 2j 

1 20171 

w.’ s 

-1341 

0-638-013-5x37 01 

0 1 620-1080-3x37 

wore oasured and 
iheir intensitioH 

estimated from 

.speetrogroms at a 

4949 5] 

20198 

s 

1314 

0-.138-0I3-4X 37-12 

temperature of 106 

4949 2^ 

1 2020s 

W, !- 

1304 

0 -538 613-4x37 or 

0-l-520-l(i80-4x37 

with jn expo- 
isure of one minute. 

4940 . 8’ 

1 20234 

W, fl 

-1278 

0-538-013-3x37-12 


4938 3 

1 20244 

\V, fi 

-12G8 

0-538-013-3x37 or 
OH 620-1080-3x37 


49:il.O] 

20272 

w. s 

1240 

0-638-013-2x37-12 


4929 7 ) 

20280 

^ 

1 232 

0-538-633-2x37 or 

0 ; .110 1680 2x37 
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Wftve- 
longil 
in JL 

Wavc- 

nuinbore 

m cni-i 

Tnteufiity 

Sopui'o- 

tion 

from (0,0) 

Ansigninenl 

4‘J2:t 31 

20306 

W, S(l 

— 1206 

p„. f538-6J3-12 

49 JO. 2 J 

20323 

W, Htl 

-1189 

0-538 -6 13 -.37 or 
l>4 520-1680-37 

4914 8] 

20311 

w, hcl 

-1171 

0-538- 613-12 01 

0-i 520-1680 

4912. 2J 

20352 

W, H(l 

- 1160 

0_.13H-613 ot 

0 1 520-1674 

4994 4'! 

20384 

V\V, K(1 

-1128 

0-{-.ri20-1680-f30 

4902. 7 J 

20391 

VVV, .S(J 

-1121 


4894 2 

20127 

w, \ .s 

- 1085 

04-520-1680 + 2x36 

4889 4 

20447 

VW. S(1 

— 1005 


4 883. 01 

2(»471 

y\v, .s<l 

-1041 

0 + 520-1580-] 3X36 

4882.2] 

20477 

v\\, stl 

- 1035 


4868 0 

20537 

W, v.“i 

- 975 

0-538-291 -4X.37 

4864 0 

20.551 

VW, Hd 

- 961 


4800.2 

20570 

vw, pd 

- 912 

0-538-291-3x37 

485.5 9 

20588 

\'%v, sd 

- 924 


48.52 2 

20603 

vw. Hd 

- 909 

0-538-291-2x37 

4847.2 

20625 

VW'. H(1 

- 887 


4839.4 

20658 

vw, Hd 

- 854 

0-538—291 —37 

4833 6 

20683 

lUH, hd 

— 829 

0 — 538-291 

4824 3] 

1 20723 

nifl, Hd 

- 789 

0-538- 2914-36 

4822.. 5 1 

1 207.30 

III Hil 

- 782 

0- -538-291 1 .30 + 7 

4820.8 

20738 

AV, HCl 

- 774 


4817 2 

20753 

w, fid 

759 

0_. 538 -291 -1 2X36 

4814 4 

20765 

W', HfJ 

— 747 


4809.7 

20786 

VV. Hcl 

- 726 

v37 01 

0 1 520+ 40 -1680 01 
0-! 520-2x613 

4807.6 

20794 

w, fld 
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0-538 — 2 V 90 or 

0-1 .520-} 440-1069 

4801.3 

] 20822 

AV, Hd 

690 


4800.4 

J 20826 

h\v, sd 

686 

0-538-4 X 37 

4793,6 

1 20855 

vw .sd 
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0 — 538 -3X37 01 
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4790.9 

1 20867 

IIJ. h 

645 
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4784.9 

2Oa03 

ni8, s 
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, 0-538-90 Cl- 
Of 520-1148 

4783.5 

20809 
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4781.1 

■ - 20910 
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Wtive- 

Wavo- 


iSepara- 



loiigth 

riiiiubevH 

Intensity 

lion 

AsbJgnnieni 

Keiiiarks 

ink 

in 


from (0,0) 



4774 8 

20937 

v\v, d 


0-538-37 

The bands from 20937 

4708. 4‘1 

20966 

w, vd 

546 

0-5.38-7 

cm-i to 21222 cm-i 

4700. Oj 

20974 

VB, VS 

538 

0-538 

develop even at 
SO^C. They are 

4760.4 

21001 

w, «] 

511 

0-538 + .36 -7 

however nioaaued 

4768 7 

21008 

VH, Vh 

504 

0-538 ( 36 

and their intoiiHitiob/ 

4766 ft 

21021 

vw, d 

491 

OH .520 ^ 1122-1149 

eptiiimtcd fro m 
speetropraina takenl 

4760 2 

21046 

VH, VP 

466 

0~ 538+2x36 

at 106°0 wMb ex-\ 

4748 7 

21053 

m, H 

459 

0- 5.38 + 2x36 + 7 

poHiire of two ' 

iiiimiteH. 

4747 5 

21058 

111. H 

4.54 

0- 5.38 + 2x37 + 12 

4742.7 

2107ft 

in, K 

433 



4741 . 1 

21086 

va, vs 

426 

0-638 + 3x36 


4738. ft 

21096 

rn, s 

416 

0-538 + 3x36 + 12 


4733.01 

21120 


392 

0_538— 4 y.36 


4731 4j 

21130 


382 

0-5.38H 4x36-1-12 


4726.5 

21151 


361 

0-5.38-5 X, 36 or 

0 + 520H 806-1680 



21170 


342 

0 ™ .538-613 + 806 or 

0 + 520 + 800-1667 


4718.6 

21187 

lllH, h 

32.5 

0-538 + 6x36 


4710.9 

21222 

VW, h 

290 

0-1 520-814 or 

0-291 


4707 . 31 

1 21238 

W, K 

271 

0-1-520-814 

The bands from 21238 

4705 8 

\ 21245 

W, H 

267 

OH 520-814 \ 7 

nm“^ to 22029 cni“i 

4704, ft 

J 21249 

AV, H 

263 

0 + .520-814 f 12 

are doA'eloped at 
J05''C. Thoy aro 

4099 9' 

2J271 

VW, K 

241 

0 + .520-814H 36 

moa.surod from 

4698.4 

21278 

VW, a 

2,34 

0 + 620-814-1 .36 + 7 

Hjiociiopramp taken 

4091 o' 

21305) 

VAV, S 

203 

0 + .520 -814 + 2x36 

at 105T with 1 

4690 2 

21315 

VW, H 

197 

0 + 520-814H-2 + 36H 

' miiinte exposure 

4687.7 

21327 

VW, s 

185 


4683.8' 

21344 

A'V\ , h 

168 

0 1-520 -8U-1 3 \36 


4682.4 

21351 

VW, .S 

161 

0-1 520-814 + 3x36-1 

7 

4679.9 

21362 

VW, ti 

150 

0-1 520-814+3 X.36H 

12 

4009 4 

21410 

niB, .s 


0— 538 440 


4068.6 

21414 

AV, S 

98 



4667 . 8 

21417 

W, H 

H5 

0-613-1-520 


4660.8 

21450 

VAV, d 

62 

0 - 538 H 440 + 36 


4653. 1 

2J485 

m, H 


0 + 620+1122-1667 


4061.1 

21494 

W, P 

18 



4644.9 

21524 

m, d 

12 



— 

(21512) 

— 

0 

0, 0 

(Calculated) 

4036.6 

21.502 

w, d 

50 

0+620—470 


4030.3 

21591 

m, d 

79 

0-f 520-470 + 36 


4638.4 

:> 1.595) 

w, dp 




4620.4 

21637 

w, ad 

12.5 

0+520-470+2x36 
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Wave- 

Wave- 


SepQi'ii- 



length 

mimberB 

In) cnaily 

tion. 

Assignment 

IRomakrks 

in A 

in crn"i 


from (0, 0) 



4614 1 

21667 

VW, Htl 

155 

0-1 520-4x90 


4611,6 

21678 

VW, Sll 

166 

Od 520- 470-1- 3 X. 30 oi' 
0-1- 520 + 440- 794 


4602.9 

21719 

VW, H(1 

207 



4591 9 

21771 

UIB, B 

259 

0-538 + 806 


4583.1 

21813 

w, a 

301 

0-538-1 800-1 36 


4575 8 

21848 

VW, d 

336 

0-538 + 806 + 36 

0-f- .520 -2X90 


4.171 O') 

21867 

VW, d 

355 



4568 8 

21881 

VW, (1 

369 

0-5384-806 + 3x36-7 


4567. 7j 

21887 

VW. d 

376 

0—538-^800 +3x36 


4562 91 

21991 

VW, sd 

399 



4561.7 

21916 

VW, sd 

404 



4560 6j 

21921 

VW, Hd 

409 

0-638+806 + 4x36 or 
04 520-3x37 


4557.71 

21936 

w, d 

423 

0 + 520-90 

The 21935 c*m"i band 

4650. 8j 

21039 

cw, d 

427 

also develops at 

ao^c 


4665 4, 

1 21945 

we, a 

433 



4552 7 I 

1 21959 

we, a 

447 

0+620-2x37 

The 21980 cm-i band 

4650.1 

[ 21971 

cw, B 

459 


also develops at 

5448 V 

' 21980 

ms, H 

468 

0 + 620-04 

80^0 

4646 . 1 

21991 

ew, s 

479 

0+520-3x18 


4543. 3] 

1 22004 

niB, a 

492 

0+520-37 nr 
0+620-2x18 


4541. 4j 

1 22014 

ms, B 

602 

0+520-18 


4539 . 2 

22024 

Ilia, R 

512 

0+520-7 


4538.3 

22029 

ew, s 

517 

0+520-3 


4537 6" 

1 22032 

vs, VS 

520 

0+620 

The bunds from 22032 

4.536 0 

1 22042 

vs, VH 

630 

0+520+12 

cm“i to 221 85 om"i 

4533,4^ 

1 22052 

w, ad 

540 


develop even at 
SO^C. They are 

4530 7^ 

22066 

W, H 

554 

0+5204 36-7 

measured and tlioii 

4529 7 

22070 

K, S, 

558 

0+5204 30 

intensiheR estjn ai- 

4527. 9_ 

22079 

VK, S 

567 

0^ 5204 36+12 

cH from plates tn- 
kon ut 85“C wolh 2 

4525 8 

22089 

W, S 

577 

0+574 

minute exposure. 

4523 r 

1 22103 

ms, a 

591 

0-5.38+1122 


4520 7 

1 22)14 

u, a 

602 

0+5204 *2X36 


4518 7. 

1 22124 

ms, R 

612 

0+520 + 2x30+12 


4516.7 

22139 

OW, B 

627 



4513 4’ 

1 221.50 

niR, a 

638 

0+520+3x36 


46U.0 

1 22162 

ms, H 

650 

0 + 520+ 3x36+12 


4508.2 

22176 

w, s 

664 



4500.4 

22185 

ms, B 

673 

04*620+4x36 
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Whv(v 

Wave- 


Sopai'B- 



lenfith 

number.s 

InionHiliV 

lion 

ABBignniPiil 

lieinarka 

in A 

in 


from (0.0) 



-i/ioa SI 

22107 

vw. s 

687 


The bands f r 0 in 

45()1.4j 

22200 

VW, H 

607 

0 1 520 1-5 V 30 

22197(iiii -Uo 22478 


22220 

^'\V, H 

708 


c*ni~i develop at 
105°(.\ They Ui'O 

4 Min n 

22238 

\ w , 

726 







niotiRured aiul Ibeiii 

44111 .8 

22277 

VVV. h 

747 

O-l-520-t 227 

intoiisitifs eati-l 

4400 H 

22204 

(.‘W^ H 

752 


iiiatod Iroiii apeo-\ 

4487 2 

22279 

OAV, fci 

707 

0 + . 720-1 1122 1-80(1-1088 

tro^rams taken at' 
lOo^C AVI lb 3 

4481 1) 

22201 

CAV. niH 

779 

0-1- .720-1 1122 1 800 4- 1007 






im. lutes exposun- 

448H . S 

2220(» 

f’U . s 

78 i 



44H0..‘l 

22314 

( AV, 

802 



4477. 1 

22330 

f w , .s 

818 



4470.4 

22303 

OAV, IIIH 

H7l 

0 ) .7204-440-3 y 37 


4407 3 

22380 

('AA*^ H 

877 

0 ] 520 1 i4C-90 


4401 0 

2240(1 

('W, VM 

804 

04 .720 1-440-2 .X 37 


44,70. .7 

22418 

t'\A% (1 

00(> 

0-^.7204-410-04 


44.7(1 3 

224 31 

CAA', niH 

022 

0 1 720 1-440 — 37 


44.71 7 

22178 

c'Av, ins 

046 

0 ' 720 )- 440 — 18 

» 

4147 0 

2247() 

ni.s, (1 

061 

0 1 7024410 

The bauds from 22470 

4441 S 

22707 

W. (1 

007 

0 4-520-1 440 i 30 

cin"^ to 22750 

4433 3 

22770 

AV, (] 

1038 

0 1-7204-440 1 2, 30 

devT'loj) at 80''C. 

44J2 0 

22007 

VAA . (1 

1(M)4 

0 1 720 i 2 ^ .SOO i)i 

Tlie baud ui 22()07 





0 — 738 1-1020 

and 22700 (’iu“i 

4404 0 

22700 

W , Kcl 

1 188 

04 720 1122 — 470 

deAelop al I07'“r’ 

4 377 7 

22837 

nih. Ills 

1 327 

0 1 5204-800 

The bauds fiom “22837 

4370 0 

22872 

nis. ins 

1 360 

0 1-5204 800-1 .30 

tr> 22947 cm-> rle- 

430:1 8 

22f‘00 

ins, niR 

1.307 

0 4-5204 800 1 X 36 01- 
0- 738 f 1122-i 800 

veloji evon at SO'^^C. 

4377 0 

2204.7 

nis. tns 

1433 

0 1 520-!- 800 4 3X30 


4:120 8 

23080 

AA , S(l 

1577 

04 720 1 1122—04 

3’lie band lit 23089 

4317.1 

231.77 

fl, H(1 

1645 

04 720 1 1122 

om“i dovolojjM at 

4300 7 

23100 

111, ml 

1084 

0 1 7204-1122 -37 

_105^'C. The bands 

4:10.3 2 

23232 

A\ . Sll 

1720 

0-1 720-1 11224-2x30 

from 23157 to 

4200 3 

23260 

W, Sfl 

1777 

04 .720 + 11224 :i x30 

23269 om"^ develop 
at Tilt) bands 

4200 0 

23304 

A'w, ad 

1702 

0 f .720 1 11224-4 > :ui 

fiom 23304 io 

42S2.4 

2:i347 

A'\A^ Hf| 

1833 

04 520-1 1122-1 5x30 

2.3528 cni“l doA'^elop 

4271.4 

23717 

m, atl 

2003 

045204 1122-^440-90 

at 10.7^C. 

4243 7 

23728 

AV, sd 

2016 

0 + 520+1122 + 440-64 


4237.3 

23703 

ina, art 

2081 

0 + 5204-1122 4440 

The banda from 23593 

4231 2 

23027 

11), ad 

2115 

0 1-5204-1122 1 4404 36 or to 23761 cm-i do- 





0 + 520 + 2x806 

velop oA^on ii(. HO^C 

4223 0 

23668 

in, ad 

2156 

0 1 5204 1122 1-4404-2 -v 30 





01 0 + 5204 1030 


4218 0 

23708 

AV, H(i 

2196 

04 5204-1122 + 3x30 


4209 . 0 

23761 

vw ad 

2259 
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Wavu- 

Wuvp- 


Sepiira- 

lengtL 

nurnbofM 

lnl;onBity 

1 ion 

in A 

in oni-J 


from (0, 0) 

4178 4 

23026 

m, B(1 

2414 

4173.4 

230.1.1 

mu. .bll 

244 3 

4167, 1 

23001 

m ,Kd 

2470 

4160.7 

24U28 

m ,wl 

2.116 

41,13 0 

24067 

w s .sd 

2.1.11 

4147,1 

24106 

vw, .sd 

2104 

4117 4 

24280 

X u . ms 

2768 

4111 3 

21310 

w . isd 

2704 

40!)'» 0 

24384 

\ w. .sd 

2872 

4087.7 

244.16 

\ \V, Hf| 

2014 

4077 2 

24120 

mv, sd 

3008 


ABSJgiiiiiont JteinavkH 


OH r)2U-i-1 122 -37 Tha liuiiHn ul 23t)20 

0-1- .520-^11 22 HOH mill Irom 24007 to 

0 1 r,20 ! 1122 I SOC) [ ‘lO 2ir.20 (‘m-ick'vclov 
II ( 10n‘ (’1 Thd 

0 i .120 4 1122 ! KOO i 2 ^ 3b IilukIh fi'iiui JllH.'i'i 
0-1 .120 I- 11 22 f KOO-I :l> 30 to 2-102S nn-Olrva- 
0 .120 J- 1 122-1-800 -I- 4 y 30 lop I'voii at SO^C 


0-i 020 ; 2yll22 Tlio baiiflH fi oio 22476 

0-|-r»20-| 2> 1122 1-30 (Cl 24120 mn-i nvo 

0 ! .120 12 1 122 I 3 V 30 nic.miiri'il fro lo 

0 ! .120 I 2 * 1122 1 .1 " 30 .^]K'cti(igiiiiu‘^ iakni) 

lit KI'^kiXH vvi'll ns 
iO.I'C 


The experinieutal data are presented in Table I. Hero th(? wavelengths 
in air are listed in column 1 and the corresponding wavenumbers in vacuo con- 
verted by means of Keysor’s Sc.hwingungszahlon in column 2. The values are 
believed to bo accurate to ^^nLhin 2 cm~^ for the shai*j)er bands and 5 cm“^ for the 
broad bands Visually estimated intensities and the degree of diffuseness of 
banrl-hoads are given in column 3 The notations used in this column have the 
same moaiinigs as in part li of the series (Singh, 1057-58). Oolunin 4 is used lo 
record the wavenumber differonees between each band and the (‘alculated (0, 0) 
band at 21512 cm“b Assignments are given in column 5 and 0, and the 
conditions under which the bands reported her© were measured, are given. 

PKtl LIMAN ARY AND (IIONERAJ. A N A L Y H I N 

It is assumed that the para-benzocpniione molecule has a symmetry repre- 
sented by D. 2 /,(V 1 i). Tn (iaso the visible system of bonzoqmnone is idoutiliod with 
the 4900 A system of benzene, it has to be assigned to a symmetry allowed transi- 
tion (Kasha, 1947) resulting from the reduction of symmetry from 1)^/^ to Dj/,. 
However, an attempt to analyse the bands as due to an allowed transition is met 
wdth two serious difiiiiultics, namely, the unaccountability of an interval of 1058 
eni"^ between the strongest groups of the band sj^slem and the anomaly in the 
intensity distribution. Thus, it is not possible to assign unambiguously the (0,0) 
band of the system either at 20974 cm~^ or at 22032 cni“^ which are the two stron- 
gest bands. On the other hand, both those difficulties disappear if the analysis is 
made on the assumption of a forbidden transition made allowed by excitation 
of a suitable non-totally symmetric vibration. Under this assumption, the 
(0,0) band should have negligible intensity while the (0,1) and (1,0) bands of a 
non-totally symmetric vibration should show up strongly. 
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An inspection of the gross -structure of the spoctrum shows that the strong 
bands at 22032 cm“^ and 20974 cm“^ can be assigned to the excited and the 
ground state vibration respociively superimposed upon the forbidden (0,0) band. 
The fact that the band at 20974 cra-^ is weaker m intensity in comparison to that 
at 22032 cm"^ and that it gains in intensity as the temperature is increased also 
lends support to this assignment The interval 1058 cm“' between those two 
bands should then correspond to the sum of the excited state and ground state 
frequencies of some non-totally symmetric vibration which makes the transition 
allowed. In the Raman spectrum (Kohlrausch et al, 1913 and Stammereich et 
al, 1952) there is a frequency 538 cm^^ (K.P.S.) reported as 540 cm“^ by 
Stammereich and Fornoris and this is depolarised. By choosing 538 cm“^ as the 
frequency of this vibration Avhich makes the transition allowed, the excited 
state frequency will then bo 520 cm~^, so that sum of the two frequencies may 
bo equal to 1058 cm-^. With those assumptions, the general analysis of the main 
bands is given in Table II. 


TABLE II. 


General analysis of the main groups 


Group No. 

Wave- 
miTuborH 
in rm“‘ 

Intensity 

Separation 
from 
(0, 0) 

AssiRnmonta 

1 

20074 

21512 

(«) 

-538 

0 

0-538 

(0, 0) (Calciilal ed) 

I] 

220.S2 

(10) 

520 

0 + 620 

III 

22476 

(R) 

964 

0 + 620 + 440 

IV 

228.S7 

(5) 

1.325 

0 + 520 + 806 

V 

211157 

(«) 

1045 

0 + 520+1122 

VI 

23502 

(3) 

2081 

04 520-1 440 

VII 

23056 

(3) 

2443 

0+520-1 1122+ 806 


The detailed analj’^sis of the band (vide Table I) on the basis of a forbidden 
transition will ]iow be given. 


DETAILED ANALYSIS AND DISCUSSION 

The ti’ansition is made allowed by a non- totally symmetric vibration of 
538 cm~^ and is in many respects similar to the 2600 A bands of benzene in its 
gross-structure. Just as in the 2600 A system of benzene the benzoquinone visible 
system should not have a (0,0) band, but instead a (0,1) band of a non-totally sym- 
metric vibration. A (1,0) band of the same vibration should occur with much 
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weaker intensity. For reasons discussed later, it seems probable that any of the 

^20 or vibrations may be instrumental in making the transitions allowed. 
Of these vibrations, there is one belonging to bj^, class, there are three belonging 
to bgj class. As in benzene, carbon vibrations are expected to be more effective. 
There is difficulty, however, in establishing these vibrations, because the vibrational 
frequencies in tlie ground state of benzoquinone and their assignments to various 
modes of vibrations are not definitely known. As is well-known, the 606 cm~^ 
frequency of benzene splits into an (a^) and a (ba^,) vibratioir (Sponer, 1942), The 
444 cm“^ frequency found in the Raman spectrum is identified with the (a^) part 
of this split vibration whereas 640 cm“^ may be identified as the part of the same 
vibration. 

Another totally symmetric vibration has a frequency of 806 cni~^ in the 
excited state, and is associated with some kmd of ring vibration. It is identified 
with the 794 cm~^ frequency found in the Raman spectrum (Strammereioh and 
Fornoris, 1952) though in that case, it will be observed that excited state frequency 
is slightly more than the ground state frequency. It is inter c*sting to note that the 
same ground state 794 om-^ vibration is found here loaded on various other 
suitable vibrations and is thus corroborated. 

The 1122 t‘m“^ frequency found in the excited state corresponds to the ground 
state frequency of 1149 cm“^ found in the Raman spectrum (Stammereich and 
Forneris, 1952). The same Raman frequency has been reported as 1178 cm“^ by 
Kohlrauch at ai (1913). The present work confirms this frequency as 1149 cm“^ and 
not as 1178 cm~^. There is progression of this vibration which also appears in 
combination with 440 cm“^ and 806 cm^^ in the excited state. The intensity of 
the band with 1122 om-i frequency superimposed upon the (0, I) band at 22032 
cra-i is greater than the intensity of bands resulting from the superposition of 440 
cm~^ and 806 cni"^ on the same (0, I) baud. Further, the frequencies of 440 cm"^ 
and 806 cm-^ are loaded with one quantum on this 1122 cm“^ frequency already 
superimposed on the (0, 1) band. Thus, the successive groups are assigned as 
0+520, 0+520-1-440, 0+520+806, 0+520+1122, 0+520+1122+440 and 0+ 
529+ 1 122 -f- 806. There is a very weak band group developed at a temperature 
of lOfi^C which is assigned as 0+520+2 x 1122. It is to be marked that at higher 
temperatures, bands develop when the ground state vibration of frequency 1149 
cm”^ corresponding to this excited state vibration of frequency 1 1 23 cni”^ is oxcuted 
in combination with various frequencies. This indicates a preferential excitement 
of this vibration both in the ground and excited states of the molecule. 

There is a totally symmetric vibration of 90 cm“^ frequency reported in the 
Raman spectrum by Kohfrauch et al (1913) but not confirmed by Stammereich 
and Fornerios (1952). It is curious enough that there are bands in the visible 
spectrum which may be interpreted with this vibration of 90 cm~i but for which 
there is alw'ays an alternative interpretation which appears to be more reasonable. 
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' the band asaighed as 0 — 538 — 90 may bo assigned as 04'52^<iMl49. As 
baM^ ^^lop invariably at higher temperatures where the ground state'ftequency 
of 1 149 cm“^ is probably excited it is assiimod that the latter assignment is correct/ 
Tliis is further supported by the excitation of this vibration at -these temperatures 
in combiiiation with other vibrations. 

Another totally symmetric vibration reported in the Eamsn spectrum is 
1674 cm^^ which has been reported as a doublet having frequencies 1667 and 1688 
om“^ (Strammereich and Forneris; 1952). In the vapour spectrum, there are 
bands which are assigned as due to the ground state vibrations of 1667 cm*^ and 
1688 cni"^* The excited state frequencies corresponding to these vibrations are 
found to bo 1676 and 1630 cm-^, but as they fall within other band!‘ groups 
whore iuteraetioiiB may take place, it is not possible to assign these values unam- 
big^ouBljc. The other vibrations are 241 cm*-^ and 613 cm“^ corresponding to the 
iRaman frequeacios of 243 cm“i and 610 cm“^. 

SYMMETRY TYPE OE T J1 E EXCJITED 

eleotrokic PT.^TE 

The ground electronic level of heuzoquinone may be taken as level, In 
order that it may bo forbidden transtiou as it appears to bo, the excited state should 
• be either or An or or Bgj, or From the proposed analysis, this forbidden 

\ transition is made allowed by a Raman active 'g* vibration of frequency 538 cm”^ 
Jhorefore, if a forbidden transition in D^h symmetry is made allowed by a 
type of vibration, the excited electronic level must belong to ‘a’ type, as only this 
cdhtains a translation. Thus, out of the five probable classes A^,, A^, B^^,, 
Bgj, and the excited level must be (A„). Therefore, this transition may bo 
assigned as A„ <-Aj^ on the basis of this analysis- s This is in agreement with a 
theoretical calculation made by Sidman (1957). 

' It is interesting to note in this connection that the characteristic long wave- 
./iength absorption of carbonyl compounds has been interpreted by Mo. Murry 
corresponding to , a transition in which a loosely bbdnd electron occupying a 
non-bonding orbital l^^ing in tbe moleeiilar plane and across CO direction is 
"fxcited to an e;^ciied 'molecular orbital -^th a mode in the plane. On the basis 
' of this, it was suggested that the visible absorption band of benzoquinone may 
flJso bo of the same nature. ^ Thus, this transition is assigned m 
transition. As suggested by Kasha (1947), a decision as to the cause of prohibi- 
tion in carbonyl bands would be of great interest. The present Analysis reveals 
that the cause of prohibition is ih^ Torbiddenness’ of the eleotronio transitidn 
i '.withor than the intercombination. ^ ' 

O^HEB FEATXJl^^g OF THE SPECTRUM 

The 36 cm”^ recurring difference frequency lying on the shorter wavelenglh 
of each group may bo interpreted as v, v transitions qf two different vibrations 
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PLATE X A 



The Visible absorption spectrum of bcnzoquinone at 100 C with diflcrcnl 
exposure times on a 3 prism Slcinheil glass spectrograph 


20974 cm 


SINGH 


IndidJi Journal of Physics, VoJ XXXI 11, Nc 

PLATE X 



The Visible absorption spectrum of benzoquinone with difl'eient exposures 
and at different tcmper.itures. 
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PLATE XJ 



75'C 


85 ^ 


90'C 


95 C 


105T 


The vi.sible absorption spectrum at dilTeicnt (empciatuies and with the 
same exposure on the Steinheil glass spectrograph 



Fi«5& Ahsorftion Spedrunt ^ Bemg^inoM ^ 887 

^Ij ras cm-i to the-^round state aad 574 om^i4«ie'«oJtod State, the lattw 
^ondmg to mm-< frequency to tin. ground state. Similariy, the e. e 
t^tioBB of these two vibrations with frequencies 520 cm-i and 613 cm-> 
former corresponding- to 638 cm-i to the ground state may be responaibhrfe 

pattern of 900^-1. The reonrring pattern of 87 cm-» on the War 

' the^hi^ ** * I^ewise he assumed to be due to o, » tranations. • Most of 

to be tSlT "7.^ However, there 

to be shght de^taons towards violet to some of the hands. Many banTare 

d ub e and friple headed, the common separations being 7 cm-> and 5 cmH-hetween 
^ple-headed bands and 12 cm-* between the double headed bands.' The 
heads may be due to rotational structure. 
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ABSTRACT. Tho level schome of Pr^*^ following fl-docay of Cei^i has boon siudiod j 
with a. Siegbalm-SliitiH fl-ray H[jei‘tromoter and scintillation spootroineters. Three j 9 -gronps ' 
have been obsovvod with ond-point enorgioa and relative intensities as 184Kov(26%), 240 Kev 
(8%) and 312 Kev (66%). Corresponding gamma-rays of onergios 53 Kev, 81 Kev and 134 
'Kev have also been delieoted. Intornal conversion linos of these transitions along with tKos< 
of some other -j-linefl of energies 33 Kev, 38 Kev, 42 Kev, 69 Kev and 96 Kov have been 
observed. K/L ratio fl,nd half-time measurement of the 134 Kev 7 -lino indicate an Ml 
multipolarity for this transition. Coincidence studies have also been made and a tentative 
decay scheme is proposed. ^ 


INTRODUCTION 

The disintegration scheme of has been studied by several investigators 
(Emmerich et al, 1951; Kellei' et al, 1951; Cook et al, 1951; Lin-Sheng el at, 1952; 
Hollander et al, 1953; Emmerich et al, 1954; Kregar et al, 1954; Cork et al, 1954; 
Pullman et al, 1956; Hickok et al, 1958). Though the decay scheme of Pr^^^ is 
well established, there remain considerable controversies about tho decay of Ce^^, 
particularly about the energy of tho highest excited state in Pr^**, the number 
of /^-groups and excited states, the conversion co-efficients and multipolarities 
of the transitions. The highest energy gamma ray is reported to be of energy 
175 Kev, 145 Kev and 134 Kev by different workers. Experimental K-conver- 
sion co-efficients of 81 Kev y-ray appear to be in disagreement with theoretical 
values (Rose, 1958). The assignment of multipolarities to the observed gamma- 
rays does not seem to be unambiguous and the observed weaker lines are also 
not uniquely fitted to the disintegration scheme. The present investigation was 
undertaken to resolve some of the existing uncertainties. 

EXPERIMENTAL METHODS AND MEASUREMENTS 

The source was obtained earner-free in the form of CeClj in HCl solution 
from the Radiochemical Centre, Amersham. Sources were prepared by evapora- 
tion of the solution on a thin mylar foil (0.5 mg/cm®). 

The /^-spectrum was taken with a Siegbahn-Slatis fi-T&y spectrometer with 
a momentum resolution of 1.9% at a transmission of 6%. The detector was 
a G. M. counter with a window of mylar foil which transmitted electrons upto an 
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energy of about 20 Kev. Kurie plots in this set up were linear upto 50 Kev 
(Mukhorjee et al, 1969). The y-ray spectrum was taken with a single channel 
pulse height analyser in two different phosphor-photomultiplier combinations; 
one with a Nal (Tl) crystal mounted on Dumont 6292 photomultiplier, 

and the other with a 4''x4" Nal (Tl) with a 3/16'' X 2" Well crystal and a Dumont 
6364 photomultiplier. The resolution in both the cases was about 9% for 661 Kev. 

y-y concidonces were recorded with two thin Nal (Tl) phosphors and 6810A 
tubes. The thin phosphors were chosen in order to improve the detection ofiBciency 
for the lower energy y-rays. The fi—y coincidences were recorded by means of 
scintillation spectrometers. 6810A photomultiplier tubes with anthracene and 
NAI (Tl) crystals were used in the /?- and y-channels respectively. The slow fast 
technique with Garwin’s modified coincidence circuit was utilised for these measure- 
ments and the coincidence resolving time was kept around 2x 10“® sec. 

RESULTS 

Beta^spectrum 

The /ff-ai)ectmm of Ce^'*^ is shown in figure 1. Table I shows the convei’sion 
electron linos. Kurie plots (after subtracting the high energy /f-groups of Pr^^^) 



yielded three y^-groups (Table II). The spectrum taken with a better resolution 
(1%) around the electron energy of 73 to 90 Kev indicated the presence of a broad 
peak which was assigned to be the L-oonversion line of 96 Kev. Table III gives 
the K/(L-l-M)-ratios of stronger conversion lines. 
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UarnMa-spectrum 

The 7 -spectrum taken with the external phosphor is shown in figure 2. There 
are two strong lines at 134 Kev and 36 Kev, and a rather broad peak around 81 


Afev 



Fig. 2(a) Low energy Y-fipectrum of 
(Source oxtoinal lo phosphor). 



Fig 2(b). Low energy Y-apoctnun of Cei<* 
(Source wiLhin the welLtype phosphor) 
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Key perhaps indicates presence of weak unresolved transitions. The uncjoiivorted 
intensities of the gamma rays are given, in Table TV; corrections for crystal 
efficiency, absorption in A1 foil (/)-absorber) and Iodine X-raj^ escape Avere made. 



Oamma-Gamrtm coincidences 

Figure 3 shows the y-spectrum in coincidence with 36 Kev. A strong 
36 Kev line with weaker linos at 54 Kev, 81 Kev and 96Kev were seen. The 
y-spoctT‘um coincident with 81 Kov transition yielded a peak at 36 Kev with a 
broadening around 52 liev on the high energy side. 

Beta-Gamrna coincidences 

P~y coincidences were performed to measure the life times of 134 Kev and 80 
Kov states by delayed coincidence technique, p-y coincidence Avith TTg'^®'-* provided 
the prompt resolution curve. The /tf-channel was made to accojit all /?’s above 
120 Kev and delayed coincidences with 134 Kev and 81 Kev photo|)eak8 Avere 
recorded. Comparison of the measured and normalised delayed- comciflence 
curves with that of showed that the life times of both 134 Kev and 81 Kev 
states were less than 10““ secs. 

DISCUSSIONS 

We have observed no y-y coincidence between 134 Kev and other y-lino 
down to 20 Kev. This and the absence of any y^-group of energy < 184 Kev 
shows that 134 Kev level is fed by the lowest energy /?-group and is the highest 
state excited in Pr^**. From the (K/L-f Jlf) ratio and observed life-time limit, 
134 Kov transition is most probably an Ml transition. Assuming the theoretical 
Ml conversion co-efficient for 134 Kov y-ray (Rose, 1958), we find that about 34% 
pf this Ipvel de-excites by cascade transitions, 
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A eomparifion of relative intensitieB of 134 Kev and 81 Kev y-lineB and their 
K-conversion lines yields a value of 0.55^0.16 lor the K-conversion co-efficient of 
SlKevy-ray. This is, how^ever, feared to he rather uncertain due to the presence 
of mirosolved y-lines in the 81 Kev photopeak and the error nij^the m easurement 



Fig. 4. 7-spoctruin in oomciclonoe with 81 Kev. 
Ce”" Pr‘^ 



of 81 Kev K-conversion peak area due to corrections for window absorption. From 
tho conversion co-efficient of 134 and 81 Kev gammas and their relative intensities, 
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one can conclude that the 245 Kev yJ-group may partly feed the 90 Kev level. The 
existence of a 38-96 Kov cascade is also required to explain the observed 
coincidences and the high 36 Kev peak intensity in the gaimna-spectrum. Also, 
the relative intensity of 81 and 134 Kov y-rays( 100 • 30) measured with the well- 
spectrometer when compared to that of Table IV indicates that 53-81 Kev cascade 
cannot be very strong. 


TABLE I 

Conversion lines observed in Ce^** decay 


Elc’ft.rrm oiu'igy (Uev) 

AHSi|n;nuitiut 

128 

134.7 (LH-M) 

92. 1« 

134 1 K 

73 G« 

80 (L4M) 

53. 2^* 

95 2 K 


00.0 li 

•1.5 86 

52 3 L 

38.70 

80 7 K 

35 26 

4J 0 L 

31 (i 

38 L 

26 06 

33 L 


(a) eriurpie'' coiToo<< ui)<.o 1% 

(b) oiicrgioL correct iipto 2% 


TABLE II 


Continuous 

^-spectra of 


Eiifl -point Energy 

Uolul ivo 

log ri. 

(kov) 

in1<onsitv 


31217 

6018 

7.6 

249:; 15 

813 

7 4 

184^4 

2610 

7. 1 


TABLE III 

K/(L-1-M) ratios of 134 and 81 Kev y-rays 


Energy - 

(kev) 


KI{L+M) 

ratios 



Observed 

Tbeorelioal (Eose) 




El 

Ml 

E2 

M2 

134 

6.11 4 

7.50 

6.53 

1.10 

3.03 

81 

3.9±1 

6.10 

6.60 

0.19 

2 62 




394 


Sengupta, BJiattacharyya, Lahiri and Mukherjee 


TABLE IV 

Relative intensities of unconverted y rays 
(Source external to phosphor) 


Enorfiy (Kfv) 


Roliilive Intousity 


3(1 + 


J 44^10 


81 ±4 
134 1.4 


24^5 
100 rhG 


The three /^-groups are characiteriBed by rather high log ft values and probably 
all these are first forbidden transitions. The ground state of is a 0^ one. 
So, the states in Pr^^* most probably have odd parity and spins 0, 1 or 2. The 
ground state of Pr’^'* has been assigned to be a 0~ one (Bromley, 1957) and shell- 
jnodel considerations also predict the same. 8o, the highest excited state is 1“. 
It is difficult to assign spins and panties to the SI Kev and 96 Kev states 
conclusively from the present measurements. 

The docay-scheme as proposed by Hickok et al is perhaps a simplified one. 
Particularly, we think that determination of the conversion co-efficients from 36 
Kev X-ray mtensity is liable to error. However, some discrepancies, e.g, the 
K-conversion co-efficient of 81 Kev and presence of weaker conversion lines? still 
remain to be explained We hope further studies of this isotope vdth high reso- 
lution syiectrometers wall reveal a more consistent picture. 
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Department of Theoretical Physics, Indian Association for the Cultivation ok 
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{Remmd, July 16, 196‘J) 

ABSTRACT. The Hirength function which is tho uveiago value of noutioii 

width to lovol spacing and tho ofTectivo radius R' aie calculated with a complex pphorioal 
well having a diffuse boundary. 'I'he values ol tho pHrainetors im’olvod in tlio potoiitial 
Junction are fixed by comparing our curves loi tlio stronglh function witli the same ap given 
by WeiaskopI 'fhe S-stato eneigy eigon-valuosi calculated with tho above ^larameters arc 
111 agreement with similar caJonlations ot (been and Lee. 

I N T R O D IT 0 T I O N 

The flimple (square well) optical model potential as suggested by Feshbaoh, 
Porter and Weisskopf (1964) for nuclear reactions with neutrons provides a quali- 
tative understanding of the scattering of neutrons by nucleus and also of the 
cross section for the formation of the compound nucleus. This model explains the 
irregular trend of the average neutron scattering cross section as function of the 
nuclear mass; the ratio of nuclear level width to level spacing for neutrons which 
is related to the scattering cross section, shows shaiqi increases near mass numbers 
A = 55 and A = 155. It is seen that the theory with this model predicts more 
pronounced maxima and minima of r„®/D with tho variation of mass number 
than what is experimentally observed. Later Feshbach et (d (1958) has studied 
the variation of strength function by taking Woods-Saxon type of potential, 
they find that a diffuse potential of this type gives much less pronounced maxima 
and minima of r„®/D than that given by tho square well, thorhy bringing the theory 
in better agreement with experimental findings than the previous one. If the 
theoretical points are made to agree with experimental ones at the maximum 
positions, then the theoretical curve lies above the experimental one at the mini- 
mum positions. At the peak at A — 165, the experimental points are much 
broader, lower and generally more irregular than the theoretical curve. 

In this paper we have taken a complex spherical well with a diffuse boundary 
which may be said to be intermediate between the square well and the Woods- 
Saxon type; this potential has nearly tho same nature as that of Woods-Saxon 
and at the same time allows easier solution than the latter. It is found that with 
proper adjustments of tho depth of the potential, the nature of the curve for the 

395 


4 



396 


Arundhati Ghosh 


r„”/Z) is the same as that of Woods — Saxon potential. For the bound state problem, 
the imaginary part of the potential is zero, it is found that our <Sf-state 
energy eigen values agree with similar calculations of Green and Lee (1955). 

THEORY AND RESULTS 
Wo choose the nucleon-nuclear potential to be of the form 

for r<R 

I 

— " for r > 

For the value of the nuclear radius R, wo take the empirical rolation of Feshbach 
cl (it (1958). 

R = (1.15^i/3_|_() 4)10 -13 cm. 

Tn the region r > R, we take the radial sohition as a combination of incoming 
and outgoing waves for I = {) 

M„(r) ^ (') 

At low enough energies, 7 /,^ is considered as the average value of the sctittoring 
amplitude over the neutron resonance energy and ils value according to Feshbach, 
Porter and Weisskopt (1954) is given by 

= ... (2) 

where k is the wave number of the incident neutrons, R' is a length of the order 

of niudear dimensions, D is the average level distances, and is the average 
value of the level widths for neutrons . Tt follows thati for kR' < < 1 , 

T\IJ)=^{\l7T)Re{l - %). ... (3) 

The experimental cross sections of si’attering and absorption are related to l\fD 
and R'jR by the relations 

^sc ^ ^2 1 1 ^"^0 1 ^ • ■ ■ (5a) 

5 - («*) 

Now the whole problem reduces to the determination of /Jq w'hich is evaluated by 
matching the logarithmic derivative of the iimer and outer solution at / R. 
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J'or our potential the stJiition ul Heliroduiger equation tor I ~ {) ni tlie region 
« < B (ef. Weiaskopl 1964) is given hy 

~ C — for r < i?, ... (6) 

OLT 

'’'liere “ ^ fV'oC +»D+ 1 I ) J 

At the boundary eqn. (6) becomes 

In the region r > B, the solution of Scilirodinger equation for Z = 0 (cf. Morse 
and Feshbacb, 1953) comes out of the form 

'A = [Jn(*)-’!o>^-»(*)] fo’’ *' > -R. (7) 

V '^ 'M t '‘—-W 

Comparing with eqn. (1), the Bessel functions of eqn. (7) are related a.s 

= •^n(2) and «»*+'(»■) = 

Wo expand Uo^’^\r) and constants of the solutions are chosen m such 

a way that the first term of the series for 'a,/+’(r) gives e'*'' and that lor (r) 
gives for large values of r. The rest of the terms in the series gives the 
deviation of tlie wave timction from that obtainetl with square well potential. 
The series is evaluated only upto fourth term and this will give us sufficiently 
reasonable results for the parameters chosen and the different nuclear radii consi- 
dered. Thus we take 

tt„i+'(r) = J_„(z) = «**’■ a- 27 i 7 (JZ:;,-) + 2*. 1.27(1 -■»y(2^) ■“■"] ■" 

V’W = 2*.1.(»+1) '*■ 2*.i'.2.(«+l)(?i+2) “"'1 "■ 

If we put 


: Xi+'iXa ^ 
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We obtain 

[ [l- +... ) -i { 


, 2kaP^ 008 20 



( 10 ) 




2kaP‘^ COB 20 1 

"■ J 



Fig. 1. Ratio of Tv, ,0/D of neutron width to level spacing. Here rn®/-^^ Is 

to 1 ev. The solid curve is taken from Feshbacb cf aZ, (1968). Lhe dotted curve 

corresponds to our calculation with the parameters given in the figure. 

Vo=48Mev J = .06 

u = 0.67 X 10-1* era , R = (1 . 16A1/S + 0. 4) 10-i» cm 




Neutron Strength Function rjF> with Complex^ ete^ 

assuming ka < <1; With the above notations and approximations r i/-fl 

and r Q-r® calculated. We evaluate tJq by matching the inside andout 

dr I “ 


side solutions and their derivatives at r = 1?. As regards parameters we choose 
^ = .06, R = (1.16Ai/»+0.4)10-i3cm, a = 0.57 x IQ-^^ cm, =- 48 Mov. Except 
for Vq, the values of other parameters are same as taken by Feshbach et al (1958) 
with Woods-Saxon potential. The results of our calculations are shown in figure 
1 and figure 2. The nature of the curves is almost same as obtained by Feshbach, 
Porter and Weisskopf (1958) with one peak'at A = 50 and janother at A == 155 in 
curve. We may point out that the height of the peaks in our Tn^jD curve 
is less than that of Feschbach et al, this makes our curve agree more closely with 
the experimental points at A = 155, because of large errors at the other peak 
it is not possible to assert the same’agreement at .4 — 50. 



Fig 2 Katio of potential scattering length R' to nuclear radius R. The solid 
curve ’is taken from Feshbach et ah (1958). The dotted curve corresponds to Cm- 
calculation with the parameters given in the figme. 

10-« om R=.(l.lSA'/» + D.4)I0-i»im 
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With the same parametric values (of course with ^ = 0) we calculate (figure 
3) the ^-state energy eigen values for A — 200. The matching of the logarithmic 
derivatives of the inner and outer solutions at the nuclear boundary gives 



when a = [ i^o- |jS;|) ]' , 

The equation (12) is solved graphically and within the limitations of accuracy the 
results agree with those calculated by Green and Lee (1955). 

In conclusion, it may be mentioned that so far as the interaction of slow 
neutrons with nucleii is concerned, our potential gives the same value s as the 
Woods Saxon one which, though admits of solution (Lawson;“ 1966) for the 
Schredinger equation, yet is not easy for evaluation. 

I wish to thank Prof. D. Basu for his helpful guidance during the progress of 
this work. 
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ABSTRACT. The Debyo-Schorrer pattern of frozen cyclohexanone at — 180°C has 
been photographed and analysed. It lias been found that the crystal is orthorhombic with 
the unit cell dimensions a ^ 10.38 A.U., b - 7.34 A.U. and c - 15.09 A.XJ. The density 
of cyclohexanone at ““180°C has been measured and it has been found that there are 8 
asymmetric moJeLulos in the unit cell. The space group is assigned to the crystal. 

XNTBODUCTION 

HasseJ and SommerfeklL (1938) studied the habits of crystals of cyclohexane 
and its raonosubstitutod compounds like cyclohexanone, cyclohexanol, chloro- 
liyclohexane with a polarising microscope and reported that the crystals of all 
the substances mentioned above belong to the cubic system at a temperature 
just below their respective melting points. They found the lattice constant of 
cubic crystal of cyclohexanone at — 55°C to be 8.61 A.U. by photographing the 
Uebyc-SchoiTer pattern. It was, however, pointed out by them that the measure- 
ment of the lattice constant is subject to much uncertainty due to limited number 
of reflections observed and also because of the large width of the rings in the 
pattern. They further reported that in the case of cyclohexanone the cubic lattice 
of the crystals found at temperature of — does not retain its physical shape 
at temperatures lower than - 55®0. But they did not study the Debye-Scherrer 
pattern of the crystal at lower temperatures. An attempt has, therefore, been 
made to study the space group of the crystals of cyclohexanone at — 180°C by 
photographing the Uebye-Scherrer pattern of the crystals at that temperature 
and the results obtained arc discussed below. 

EXPBHIMENTAL 

Pure cyclohexanone, distilled under reduced pressure, was used for studying 
the Debye- Schdirer pattern of the substance at 180“C. The pattern of the 
crystals at was photographed by the method described earlier (Krishna 

Murti and Sen, 1956), using a camera of special design (Biswas, 1958). 

A Seifert X-ray tube running at 32 KV, 26 mA was used to photograph 
the pattern. The X-ray tube was provided with a copper target and a nickel 
.biter was used to cut off the K/? radiation. An exposure of about 3 hours was 
suflicient to record the pattern with moderate densities. The radius of the camera 
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was measured by photographing the Debye-Scherrer pattern of aluminium powder 
and was found to be 4.6 cms. 

^ RESULTS AND DISCUSSION 

The Debye-Scherrer pattern obtained for the crystal at — 180“C is reproduced 
in Figure I. The spacings and the values of sin®6? calculated from the rings of 
the Debye-Scherrer pattern for the crystal at --'180°C are given in Table I, in 
which the spacings observed by Hassel and Sommerfeldt (1938) for the crystal 
at ~55°C are also included for comparison. 

It can be seen from Table 1 that the structure of crystals of cyclohexanone 
at — 180°C is difTerent from that of the substance at — 55°C and also the pattern 
foi’ the crystal at ISd'^C does not fit in with a cubic lattice. 

Fig. 1 Debyo-Schorror pattern of cyclohexanone at — 180®C 

lapHon’s method (1949) was applied to analyse the pattern and to find out 
whether the lattice was orthorhombic and it has been found that the crystal actually 
belongs to orthorhombic system. The values of '' 2/452 and deduced 

from the values of sin^d are 0.0055, 0.0110 and 0.002605 respectively. The 
-unit coll dimensions of the crystal at — 180°C calculated from the above constants 
are ; 

a = 10.38 A.U. 

7.34 A.U. 

and = 15.09 A.XJ. 

It can be seen from the Table 1 that the values (>f sin^ B calculated from these 
unit cell dimensions agree well with those observed for the crystal at ”-180°C. 

The density of frozen cyclohexanone at — 180°C has been measured by the 
method used earlier in this laboratory (Biswas and Sirkar, 1957) and found to be 
1.136, The number of molecules in the unit cell calculated with this value of 
density is 8. It can be seen from Table I that there is no restriction for the 
occurrancc of reflections from the planes. The want of restriction leads to the 
conclusion that the space group is and as the number of asymmetric 
molecules in the unit cell of this space group is 8, it appears that the molecule 
. of cyclohexanone at —180*^0 is asymmetric. The structure of the molecule is not 
known and it can have only a plane of symmetry containing the HCCO group, 
but the results, mentioned above, show that no such symmetry is utilised by 
the molecules in forming the crystals 
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TABLE 1 

Debye-Scherrer rings of cyclohexanone at —ISO^C 


bpacmgs in A.U. Values of sina^ dt — ISO'^C 

IndiooH 

From H assel Obeorvod 

& Sommorieldt at— Observed Calculated 

(1038) at -65°C 


— 

7.64 (w) 

002 

0.01042 

0.01042 

— 

8.435 (m) 

oil 

0.01410 

0.01360 

4.98 (vs) 

6.16 (s) 

200 

0.02230 

0.02200 

4.306 (8) 

4.30 (m) 

202 

0.03200 

0.03243 

- 

4.13 (m) 

013 

0.03476 

0.03444 

— 

3 . 77 (m) 

004 

0.04170 

0.04170 



[212 

I 

0.04342 


3 . 08 (m) 

[020 

0.04370 j 

[0. 04400 


1 

[021 


^0.04660 


3.66 (w) -j 

[l04 

0.04670 

lO 04720 

— 

3.45 (w) 300, 120 

0.04970 

0.04960 

— 

3.26 (vw) 

213 

0.06690 

0.05640 

— 

3 12 (m) 

310 

0.06090 

0.06050 

— 

2.905 (m) 

106 

0.07020 

0.07060 


1 

1016 

1 

(0.07610 

2 . 84 (vw) 

2 . 80 (vw) j 

1 

[222 

0.07580 j 

[ 0 . 07642 

— 

■2.59 (s) 

400 

0.08850 

0.08800 

2.49 (w) 

2 . 26 (w) 

200 

0.11690 

0.11580 

— 

2.16 (w) 

216 

0.12650 

0.12680 

— 

2.096 (w) 

324 

0.13560 

0.13520 



[330 


10.14860 

— 

2.00 (w) J 

[620 

0.14800 J 

(0.14790 

— 

1.886 (w) 

008 

0.16670 

0.16670 


142, 622 


0.19190 



1.756 (m) 


0.19240 



036, 416 


0.19280 

— 

1.73 (m) 600, 240 

0.19800 

0.19800 



242 


0.20840 

- — 

1.686 (w) 

610 

0.20880 

0.20900 

— 

1.608 (w) 

434 

0.22000 

0-22870 
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Henco it can be concluded that the crystal which is cubic at —55°C (Hassel 
and Sommerfeldt, 1938) has a low temperature modification of lower symmetry 
at 
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INCREASE IN BREAKDOWN POTENTIAL OF A GAS IN 
ELEGTRODELESS DISCHARGE IN THE PRESENCE OF A 
TRANSVERSE MAGNETIC FIELD AND THE CONCEPT 
OF EQUIVALENT PRESSURE 

S. N. GOSWAMI 

CENTnAii Calcutta College, Cal(^ittta. 

Ilteceived, September 1. IDf)!)) 

The properties of electrical discharge in the presence of a uniform transverse 
magnetic field has been investigated by a large number of workers (Wehrli 1922, 
Somerville 1952, Blovin and Hydon 1958, Huxley, 1957). It has been shown that 
for a weakly ionised gas, a large variety of phenomena can bo explained if, instead 
of the actual pressure p, use is made of an equivalent pressure p' defined by 
(Blevin and Haydon, 1958) 


p'=p^jl+c (-^)' 


... ( 1 ) 


where p', p are pressure in mm. of Hg, H — magnetic field, C — 



L 


being the mean free path at 1mm. Hg and u the mean electron velocity. 

Experimental results can, however, be explained equally satisfactorily from 
other points of view. Thus, Dev and the author (Deb and Goswami, 1956) in 
course of study of the low frequency electrodeless discharge in a tube in the pre- 
sence of a transverse static magnetic field has shown from an elementary consi- 
deration that the break-down potential in a gas should increase on application 
of the magnetic field. It was further shown that to a first approximation the 
increased breakdown potential 7' is given by 


7'-F 

~r~ 


I —cos d 


( 2 ) 
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whoro V', V arc the breakdown potentials with and without the magnetic field 
reapeetively and 0 is the angular deflection of the electronic path due to the 
magnetic fieJcl given by 


HeX HeL 

mv mvp 


( 3 ) 


The purpose of this note is to point out that tJio concepts of equivalent pressure 
and of increased brcakdowji potential arc fundamentally the same and that Eq.(l) 
njay be driven from (2) if certain plausible assumptions are jnade. Thus for a 
high pressure discharge tube, at least, it is reasonable to assume that the breakl 
down potential is proportional to the piessure (Loeb, 1939). Further, for sueH 
pressure and moderate values of 11 the angular deflection 0 is small enough to^ 
justify the assumption tan 0 — - 0. 
from Eq. (2) 


Hence, un^ler these conditions, one can obtain 


V - ^ \ — cos 0 

P 


P'Ip — sec 0 


( — ) where C — I 

( -- r • 


\ p / 

\ m u / 



which is Eq (1). 
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EFFECT OF CHEMICAL TREATMENT ON THE ELECTRICAL 
CONDUCTIVITY OF GRAPHITE 

R. BHATTACHARYYA 

Department op Magnetism, Indian Association for the Cultivation of 
Science, Calcutta-32 
(Rectiuedy /September 16, 1969) 

Rticeutly it lias been shown ])y Hay (1959) that the usual purificatory treat- 
ments of the naturally occurring crystals of graphite for measuring their different 
properties, cause an easily detectable enhancement of the small amount of 
misalignment originally present between the basal planes of the different crystal 
blocks. Tt is also observed that most of the earlier measurements on the electrical 
conductivities of graphite (Krishnan and Ganguly, 1939; Diitta, 1953: Primak 
and Fuchs 1954) were with crystals which had been purified in the usual way. 
Iiivestigations have therefore been undertaken to study the effect, if any, of 
such treatments on the electrical conductivities of graphite, P^esults of measure- 
ments on throe different samples of Ooyloii graphite are shown lu the table below. 

TABLE 1 



Boforo Treatmoni 

After Treatment 


Ory- 

^11 







X 100 

Hial 

Con- 

Conduc- 



Con- 

Conduc- 

/ 

‘I’ll 


du(i- 

tiviiy 



due- 

tivity 




tiviiy 

Xi'to 



tivity 

Xi'to 

«J|i 



II 

c-axis 



II to 

c-axiH 




c-axis 



1 

c-axiB 





crx 


XlOO 


1 .068 . 805x10* 11.84x101 .216 681 X Id 2.69x10* 182.8 -38.4 

2 .077 .529x10* 6.91 x 10* .217 .327x 10* 1.51x 10* 183.0 -38.2 

3 .089 .371x 10* 4.14x10* .254 .232x 10* 0.91 x 101 183.2 -37.6 


It is observed that the conductivity perpendicular to the c-axis (along the basal 
plane) decreases appreciably while that along the c-axis increases considerably. 
This is easily explained on the basis of the findings of Hay (l.c,), who showed, 
as stated above, that the basal plane of the different crystal blocks orient due 
to such treatments randomly about directions in the basal plane. As a result, 
the observed conductivities in the two directions will be the resultants of the 
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components in these directions of the actual conductivities along and perpendi- 
cular to the c-axis corresponding to any oriented crystal block summed up for 
all such blocks. The conductivity along directions i)eri)endiculai‘ to the c-axis 
being very much greater than that along the c-axis (Krishnaii and Ganguly, 1939; 
Dutta, 1953; Priinak and Fuchs, 1954), the decrease and increase of conductivities 
perpendicular and along the c-axis respectively, as observed experimentally 
(table above), is therefore quite obvious It is to be noted in consequence that 
neither the earlier moasuromonts (l.c.) on the electrical conductivities of graphite 
nor the present ones with untreated crystals represent the true conductivities of 
ideal graphite duo respectively to the defects created and to defects originally 
present (Ray, l.c.). Therefore the observed differeiuie between the results of 
the present measurements and the earlier ones* as also between the values 
of the conductivities of the different crystals of the present investigation are 
now easily understood. Evidently the X-ray tests of perfectness of the crystals 
as employed by earlier workers (l.c.) do not appear to be so carefully done as 
by Ray (l.c.). 

Now in view of what has been stated above, the temperature variation of 
the conductivities, magneto-resistance effect, Hall effect, magnetic properties, etc. 
many of which are for treated samples (Dutta, 1953; Krishnan, 1953, Berliiicourt 
H al, 1955; Soule, 1956) also do not represent the true behaviour of ideal graphite 
crystals. Barge number of theoretical attempts (McClure, 1956, 1957, Haoring 
and Wallace, 1957; Lifshitz et al, 1956; Lomor, 1955; Johnston, 1955, 1956; 

.-Nozieres, 1958; Masc, 1958, etc.) have also recently been made to obtain a reason- 
able electronic picture of graphite based on the above experimental results. In 
order, therefore, to reassess these theories in view of the present findmgs, it is 
necessary to undertake to remeasure the above properties first with untreated 
natural crystals of graphite and then by producing defects arlifitially in them 
by the usual purificatory and other treatments, so as to bo able to arrive at 
the true properties of ideal graphite crystals. 

Details of some of these investigations will be published elsewhere shortly. 

The author wishes to express his best thanks to Prof. A. Bose for his kind 
interest in the work and to Sri A. K. Dutta for suggesting the x)roblem and guidance 
throughout the course of the work. 
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MAGNETIC ANISOTROPY OF Fe++ ION IN SIDERITE 

A. MOOKHERJI and S. C. MATHUR 

PuYsiCH Labokatojiy, Agra College, Agra 
{Received for jmblication, April 27, 1 JKi9) 

Cu++ twid Fe++ sure in and states respectively, Aicording to 

Bethe (1929) in an electric field of cubic symmetry the i)-BtateB split into a\ 
doublet and a triplet; a rhombic field separates the components of the doublet \ 
and triplet by amounts mucjh smaller than doublet and triplet separation but ' 
large compared to kT in the case of Cir*" and in Fe^+. In case of Cu++ ion with 
positive cubic field coefficients the doublet is lowest while in Fe^ + ion the triplet 
is lowest. Now this doublet is orbitally nonmagnetic. As a result the remains 
of the orbital moment should be larger in Fe++ ion than in Cu"' + ion provided all 
other things are similar, and hence the magnetic anisotropy should be much more 
accentuated in rc++ ion than in 0u'^+ ion. But a survey of the experimental 

results (Mookherji, 1945 and Krishnan and Mookherji 1938), (AA"/^ = 41% 
for Cu++ ion and 30% for Fe+‘^ ion where A/C is the average ionic anisotropy 

and K is the moan ionic susceptibility) shows that the reverse is the case. Apart 
from the explanation that the ratio of the orbital contribution to the spin contri- 
bution is of the same order in the two salts, there seems to bo another reason for 
the above observation ; that is, in all the cupric salts studied so far the crystal field 
has very nearly tetragonal symmetry whereas the ferrous salts mentioned above 
most probably have a large departure from axial symmetry. Hence in Fe++ 
ion the orbital contribution is distributed in different direction, whereas in Cu++ 
ion it is confined along the symmetry axis. Therefore, the calculation of the 
magnetic anisotropy on the tetragonal assiimjjtion makes AX lower for Fe++ ion 
than for Cu++ ion. Hence if one could study a ferrous salt whore the crystal 
field has an axial symmetry, the magnetic anisotropy of Fe''^+ ion might he found 
to be more than for Cu++ion. This seems to bethe case with the naturally occurring 
trigonal crystal of siderito (Wyckoff 1920) which contains 60% ferrous cai*bonate. 

We have, therefore, measured its magnetic anisotropy (AX/X) which is 47 % and 
more than for 00"^+ ion. This is fairly satisfactory considering^ the fact that the 
internal symmetry of the paramagnetic unit in siderite may not be as good as in 
cupric salts. 

Details of the measurements will be published later on. 
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THE QUESTION OF THE EXISTENCE OF (A"P), 

(S+P) AND (S-n) HYPERFRAGMENTS 

R. C. KUMAR 

t*HYBTOf3 DlflPAllTMENT, llNlYEJftSITY COLLEOE, LONDON 
(Ee^cmverh Marali 0. 1960) 

ABSTRACT. TJic tjueFUoii of ilio omhIoik'o of (A^'P), and hvper- 

vagmentR haH l>pen (ItBcuRsod. 

It is not known experimentally whether or not the (A^P), and (Z~n) 

hyperfraginente exist in the bound state. One possible example each of (A^P) 
and (21+P) haa‘ been reported (George ct al, 1956 and Baldo-Oeolin et al, 1967). 
If such fragments exist, they are expected to be produced in the interactions of 
K~ mesons in matter. The possibility of production of (a°P) and (S ' ?fc) fragments 
from K- interactions with deuterium has been examined in detail by Pais and 
Treiman (1957). The collinearity of the tracks producetl in the reactions 

(ATj-f TT- 
-> (S-n)H-7r+ 

and their unique ranges w^ould almost certainly identify the (A^P) and (S“?i) 
fragments if produced. Bubble chamber studies of K~ interactions with deu- 
terium have been made (Tripp, 1958); no example of such fragments has been 
found In the interactions of K~ mesons with the more complex nuclei of emul- 
sion, however, identification of these fragments, if produced, is not easy and 
would need measurements of mass to be made on all tracks produced in stars 
including the short and hlack ones. Such measurements aie not generally carried 
out mainly due to the fact that, in most cases, mass measurements on short 
black tracks are not very reliable. Identification of such tracks from K~~ stars in 
emulsion is often based on Lho charactoristics of the end of' the track. We should 
examine, therefore, the possible end characteristics of the (A'^P), (S^ P), (S“?^) 
fragments to see if they could be confused with other known particles. 

/\^P : — The (A°P) can decay according to the following modes : 

(A“P)->P-hP4“7r-+37.0MeV * ... (1) 

-4P+n-f7r"H-4().3 „ ... (2) 

* In calculating the ^-valuce, the values of tho masses have been taken Iroin Goheh 
H cd ( 1967 ) and tho unknown binding energies have been ignoiod. 

41J 
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(3) 

(4) 


+42.5 MeY 
-kP+M +175.3 „ 

In (1), the (A®P) can bo confused with hyperfragment decaying according 
to the process AE^->DhF-i~7r". It was pointed out by Telegdi (1957) in his 
survey of hypeTfragments that certain examples of Ail® hyperfragmeut in 
his sample could also well be (A°P). In (2), the energy of the charged product, 
the proton, could lie anywhere between 0 and 40 MeV. In this case the (A*^P) 
might bo classed as a 21“ hyperon producing a one prong capture star from resti 
The same is true with the decay-mode (3) where the charged product, the 
deuteron, will have an energy of approximately 1.5 McV and a range ui emulsioii 
of 20//. In (4), the proton will have an energy of apin oximately S8 MeV. This' 
may be erroneously classified as an example of S' capture star in which the 
has been trapped and decayed inside the nucleus (Goldsack and Lock, 1956) or 
as a heavy hyperfragment decaying non-mosonically. 

21“' P : — The (21' P) can decay according to the following modes ■ 


(21+P)->P+'a+7r++110.6MeV ... (5) 

->P+P+7r°+116.5 „ ... (6) 

->P+7rH+ 112.8 „ ' ... (7) 

_>P+P+251.5 „ ... (8) 


In (6), the appearance of the (21“'“P) track ending is coiifusable with the niosonic; 
decay of a yy ‘’-hyperfragmeut, In (fi), the (21+P) decsay may be cojifused with 
a capture star with two prongs or a hyperfragmeut non-mesonic decay if the 
charged decay products are energetic. In (7), the deuteron will have an energy 
of approximately 8.3 MeV and a range in emulsion of 246// while the pion will 
have an energy of about 104.5 MeV. Although this decay node would be very 
easy to identify owing to the collinearity of the deuteron and x)ion tracks, the high 
energy pion track may be missed in some (^asos and the event recorded as a 21" 
capture star. The decay-mode (8) is very difficult to miss if it occurs. 

In all the three-body decay modes (1), (2), (5) and (6), if one of the charged 
particles, say the proton, is emitted with an energy less than a certain minimum 
energy (0.2 MeV for emulsion) the track would not be visible. In such cases 
(5) and (6) would appear to be normal 21“*“ decays. 

: — The (21"?i) can decay in ffight only; on coming to rest it will be 
captured like a 21" hyperon and would be indistinguishable from the latter in 
its star characteristics. 

The decay-mode in Alight will be 

(21"»i)->n+»i+7r"+117.6 MeV 


(9) 
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Existence of (a“P),(S+P) and etc. 

Unless the high energy pion is followed to its end and its energy (and sign of 
charge) determined, the decay (9) will appear to be an example of 2+ or Tr hyperon 
decaying in flight. White et al (1958) have followed to rest several lightly ionizing 
tracks from Si hyperon decays in flight. They have found no example of a 
TT-meson of an anomalous I'ange. 

An unknown contamination of (S~^i) fragments in a sample of S=*= hyperons 
decaying in flight would tend to make the apparent lifetime of these hyperons 
short^er than the actual value suice, for the same measured values of /? at the 
points of emission and t)f decay, the calculated time of flight would be smaller than 
the actual time if a smaller value for the mass is used in the calculation. The 
lifetime of li± hyperons decaying in flight has been measured in emulsion by 
several groups of workers In each of these measurements, the assumption has 
been made that the sample of 2I± hyperons consists only of and hyperons. 
The results on lifetime obtained by these different groups do not agree among 
one another; some groups (Freden at al, 1958, Fry, 1957 and Glassor, 1957) report 
a value for the hfetnno of~0 5x second which is shorter than the lifetime 
of either S ' (OSOxlO’^” se(iond) or S“(1.83x 10 second) hyperons (Cohen 
at al, 1957) thus indicating the presence of some other effect such as the above- 
mentioned one; other groujis (ii -stack collaboration, 1957 and Goldhaber 1957) 
report a value for the lifetime of 0.8—0.9x10“^® second which, although being 
higher than the previous result, is much lower than the S“ lifetime. 

It has been pointed out by Snow (1958) that for a certain bindnxg energy 
region close to zero the (S“9^) fragment may be bound, while the (S+P) is unbound 
due to the extra repulsive force in case of the latter 

The considerations made above show that very careful analysis of 7?“stars 
in emulsion is needed to distinguish the masB-2 liyperfragments from other known 
particles if such fragments exist and are produced in K- interactions. The fact 
that no example of S'w fragments and only on© example of (aP) and (2+P) has 
been reported so far, therefore, does not necessarily mean the non-existence of 
these fragments. 
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A STATISTICAL ANALYSIS TO TEST THE RELIABILITY 
OF MEASURING ATMOSPHERIC NOISE SUBJECTIVELY 
BY A SMALL GROUP OF PEOPLE* 


Ti. B. GHOSH 

DePARTMJCNT, A.I.R., Nmw DlSIiHI 
{Recpwed, September 30, 1969) 

ABSTRACT. A aialistioal nualyHiH of t-lio iVMultH of somo prolimmary listening leBts 
on t.ho vaiiations of jiuigornoiit of different groups of lial, oners for iho subjective measure- 
ment of atinoaphej'ic noiae Ims been deHcnhod Tlio possible limits of erroi’ committed by 
u comparatively smaller snmjilo sizo or grouji of listeners as cotn]inred to that of a large group 
have been indicated and I'ompured \ndth those obtained fioni tbooretical considerations. On 
the basis of these findings, a practical procedure to moeii the statistical requirement in 
emiiloymg a small grouji of eighi observers for the actual measurement of atmospheric noise 
by R subjective mothodbko that of Thomas, bui. suitably modified, for broadcasting services 
has been discus.seri. 


INTRODUCTION 

III any experimental investifyation whore random events are encountered, a 
statistical approach has to be adopted for obtaining reliable results. Atmospheric 
noise, as is well known, constitutes one such random phenomenon and statistical 
methods have to be employed for its measurements. Usually, two methods of 
measurements are followed ■ 

The objective method in which noise voltage is observed in a meter or 
lecorded graphically or photographed from oscilloscope and the subjective one 
111 w'liioh the minimum signal to over-rido the annoying effect of atmospheric 
noise is assessed by listening to signals of different strengths mixed with noise. 
In the first method of measurements, statistical analysis of the observation is 
required to arrive at the median, higher decile and lower decile values of noise. 
In the second method also, reliability of assessment by individual listener or a 
group is required to be known from statistical considerations and any error reduced 
to a minimum 

In an earlier communication Ghosh and Mitra (1958) have discussed both 
the methods of measurements and presented the measured data on atmospheric 
noise at Delhi from 1955 onwards. Thomas method of measuring atmospheric 
noise has been suitably modified to suit the requirements of broadcasting and a 


♦ Communioaied by Prof. S. K. Mitra, 
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statistical correlation established between the objective noise and subjective 
assessment of minimum signal required to suppress the noise. Adoption of the 
Thomas method for subjective evaluation of noise for broadcasting purposes 
katiirally. calls for statistical considerations of the range of errors incurred in 
■'tahing individual or group listening as the correct assessment of minimum 
satisfactory signal. We have employed 8 people whose collective judgement of 
this signal has been accepted as accurate enough for all practical purposes. Very 
elaborate statistical tests were conducted before this minimum number of people, 
required for the puiqjose without incurring any significant error, was arrived at 
It is the purpose of this paper to determine the range of errors involved in the 
choice of siich a group of persons and to assess the reliability of such measurements. 
Xt will be shown that oven such a small group is adequate for giving fairly reliable 
resuJts on subjective assessment within the limits of experimental error 

TllEORETICA). CONSIDERATIONS 
111 the series of tests to determine the size of the group wliose collective judge- 
nient can bo taken as a correct assessment of the minimum satisfactory signal, 
a number of recorded programmes modulating steady signals which were mixed 
with atmosphei'ic noise in random proiiortions, wore listened to by a large number 



Fig. 1. Shows the vanations of the percentage of saiisfled listeners, S, for a group of 42 
persons against noise (n) puls signal-increases (B) in db. above the initial level. 

of listeners in a group. Each recorded piece contained, therefore, a discrete value 
of signal to noise ratio and each listener was asked to record his opinion as either 
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satisfactory or unsatisfactory from the point of view of annoyance caused by 
the noise. 

Here the limited number of listeners in a group represents a sample of 
the population or universe consisting of all the listeners to broadcast programmes 
The characteristic evaluated is the ‘estimate’ recorded by each individual as either* 
‘satisfactory’ or 'unsatisfactory’ and is therefore finite and discontinuous. We 
have sought to determine statistically how, for a giveji value of S/N ratio, the 
estimates, random as they are, are distributed. Figure I shows the variation 
of percentage estimate fi witli signal increases over a given noise (/i+fSi) for a total 
number of 42 listeners in one group This is a typical curve for ali such distribu- 
tioiLs where the number of listeners is fairly largo and represents a cumulative 
Gaussian distribution. The curve is ot the form represented empirically by 

& ^ A[l±{\- e-a\^\)\ ... (I) 


where 


8 ~~ % of listenei -satisfaction 


A,oc ~ constants 

X — Deviation in db from 50% satisfaction level 

It may be noted that near the median value of (a+»S) the curve is very 
steep indicating that small variation in {n-\-S) produces large changes in 8. 

Xfn and <T (standard deviation) for a particular universe have fixed values. 
But if we consider samples within the universe, the values of X^i and o- may vary 
from sample to sample. 

The distiibutioii of for such samples within the population will be normal. 
We may, therefore, use standard statistical tables for finding out the range of 
variation of X^j. It can be shown that if the sample consists of N listeners and 
the tests are repeated, then there is 95% chance that will lie m the range 
1 .Ofitr 


L” . /A7 


of its correct value. When N is large, (e.g. 42) repeated listening, 

tests will indicate that X„i tor such samples will be very near the median value 
for the entire universe. 

We have calculated this range of variations for X^ for different group sizes, 

using the above criterion. The values of cr used for the computation of have 
been determined by the usual method of finding the mean and squaring the 
differences from the mean from curves (like figure 1) actually obtained by group 
listening experiments. The results are described in the next section. 


STATISTICAL ANALYSIS 

In the first sample considered, total number of listeners was 42 and the variation 
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of its B with was as shown in figure 1 

out to be 4.1 and the range of variation of 


^ ^ 2 (^ 
-X'm ^ 


Its standard deviation a- comes 
can be found from 

... ( 2 ) 


X,tt works out to be ± 1 .28 dh. If the sample size is iiicj eased, will be further 
decreased. 



Fig. 2. ShowH the variations of fi against (ii + 8) for a group of 38 persons. 

Next we have ecmsiderecl a sample where Its o- comes out from figure 2 


to be the same as above and X,„ equals -± 1.3. The experimental results 
showing the variation of 8 are shown in figure 2 fo]' this case and the curve 
is very similar to figure 1. 

Thus, the above two experiments clearly indicate that for large number of 
listeners of the order of 30 or more, there is not much error involved in the median 
value of the signal to noise ratio. Our aim, however, is to determine the 
smallest size of the sample which could he utilised for practical purposes and 
at the same time the error in estimation by collective listening would not be 
appreciable. We have, therefore, reduced the size of the sample further and 
carried out similar analysis. 


Figure 3 shows the variation of B where N~2S. 


Its (T is 4.8 and its 



± 2.0 db. Fig. 4 indicates the situation where JV^r=18, itsc is 5. 3 and X^ is 
i 2.6 dbe. It would be noted from Fig. 4 that the curve has been steeper and 
slightly unstable. The border line judgement has become u^ore difficult and 
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INITIAL LEVEL. 

Fig. 3. WhowH tlio vanaiions of 8 against (u+S) lor u gioup of 23 porsoiis 



T.- ^ Shows the variaticns of 8 agam8t(n+S) for a group of 18 parsons for 

4 Bhows^ independent group-lis^ning tosts. 
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Olio or two listenerB asBOHSinf^ wrongly have contribuiecl to the change in the 
shape ol the curve at the two ends. This point is illustrated more specifically 
liy tin; two cuives plotted lu Fig. 4 corresponding to two independent listening 
tests, liut the significant feature to note is that the median valves for both the 
listening tests (when i\^ — IS) have remained the same though the shapes of the 
two curves are slightly ditforciil. To conduct each noise mcasuromciit subjectively 
by IS people at a time is a ditticiilt task specially when one has to cairy out these 
incasui’ements at several hours during the day and cacli time on several wave 
frequencies. 

Dinger and Pamc (1947) fiom theoretical arguments havc^ arrived at thoj^ 
rioiicliision that for a random iihenomcnon Idee atmospheric noise any method of 
measurement should be good enough il the resiilis are repoatahlo wdthm 30%. 
Thus if we allow 3 io 4 dh error ui the median values the smallest group size 
comes out to he abouL S, by equation (:2), using the above value of c— 5.3 for 
N—\H lor this calculation Actually this value of rr should he slightly higher 
for low'oriiig A — 18 lo A-^S 

Let us now consider the situation Aidien only 8 persons arc employed Jor the 
listening tests We Jiave ploltod such a curve for 8 from experimental results in 
figure 5 and the curve is fairly symmetrical about iLs median and is of the same 
tyi)o as obtained for larger samples. 



A50VL THE. IHITIAU LE.VE.L . 

Fig- 5. Shows the variaiions of 8 against (u + S)for a group of 8 porsous 
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(T for this curve is 5.(i about ri% hijrhcr than that for aud about 35% 

higher than that for iV— 42 and X^, is 4.3 dh Thus even from experimental 
observations, it is proved that when 8 people are employed for such listening 
tests, it is cxj)ecled that there is 95% jirobability that the median of the satisfactory 
signal as assessed by this group of lisLencrs will lie within a range of d' 4 to 5 dh 
of the corroot median value for the universe. Jn other woids, if wo can conduct 
each subjeetive measurement of atinos])horic noise by employing 8 people and 
take their collec-tive judgement as the measure I value of the minimum satisfactory 
signal, the maximum enor wm may incur wall bo about, 4 to 5 db. 

D I 8 C U 8 8 T O N 

We have showui that for subjective measuroineiits ol noise by Thomas method 
when the annoyance to broadcasting is considered, t he collective 

judgement of 8 people would give a maxiinuni error of tihe order of 4 to 5 dh in 
the median value of the minimum satisfactory signal as assessed by them. It 
should be remembered that no such considerations apply to W/T signals where 
atmospheric noise is assessefl from readaliihty of the signals. Personal oiTors 
ill estimation an? thus minimised and may he within 1 or 2 dh when cxperioiiced 
IJorsoiis are employed. Put, when broadcast programmes consisting of music and 
talks are used, the assessment of a satisfactory signal m the presence of noise 
wall have a subjective element that may vary from person to person and also 
on the type of programme used. In fact when 8 pcojile are employed, an ineorreet 
assessment by a single inclividnal will cause a change in the percentage satisfaction 
by as much as 12.5%. Since those errors in estimation are distributed at random 
a(?cordiiig to a normal law of error, their mean, median or average are the same. 
Collective judgement of 8 peoxile gives a permissible error in the median (or average) 
value of the minimum satisfactory signal and therefore, all our subjective 
measuiements have been taken on this basis. 

One may ask the question whether an error of 4 to 5 dh in the average assess- 
ment can be termed negligible, 7t may be remembered that the main object of 
the noise measurements, as envisaged by us, is in repect of its utilisation for 
broadcasting iiurposes. In planning a broadcasting service, wa^. need to know' 
the signal strength laid flown at the target area together wdth the atmospheric 
noise existing there, lii the cahnlation of field strengths, an accuracy of 4 to 
6 dh is indeed difficult to claim Similarly, if one intends to ohtaiu quantitative 
estimate of atmospheric noise itself from such subjective assessment, it has already 
been proved (Ghosh and Mitra — 1958) from statistical correlation that a reduction 
of 40 dh will give the noise field. Here again the standard deviation is found to 
bo 0 rf6. Thus, an accuracy of 4 to 5 in the assessment of minimum satis- 
factory signal by a group of 8 persona should, bo considered adequate for all 
practical purposes. 
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Wo have simplified the problem, \\’ithoui losing further in accuracy in the 
following way. We know from our experience that at Delhi, noise does not 
(change appreciably from day to day at the same time on the same frequencies, 
except, of course, during local thunderstorms As we are interested in monthly 
and seasonal averages, it would be sufficient to take measurement by a single 
person and change him from day to day so that when the average figure for the 
month is considered, wc have the assessment of a number of individuals. In our 
receiving centre at Delhi iiornially 8 to 10 engirieei’s are in duty taking shift at 
various times of the day. Their individual assessments, when collectively analysed 
over a month, represent throe to four group listening tests of 8 persons in a 
group. It is reasonable therefore to consider that the range of error is not likely\ 
to exceed 4 to 5 dh, on the other hand, may even be le.ss. 

The statistical correlation (Ghosh and Mitra 1958) between subjective assess- 
ment and object’, tive measurements of noise taken simultaneously is another proof 
of the reliability of our method of measurement These two sets of measurements 
are absolutely iiidcpoiideiit of each other, even then the figure 40 dh (rr=fi dh) 
has been found to he the most probable value of tbe protcidion needed for a 
satisfactory signal in the presence of atmosphere noise. Had there been greater 
variability in the assessment by a group of 8 persons, one would not expecd. a 
statistically significant protection ratio with a small standaid dcviatiom 
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ABSTRACT. It is shown that tho variation of velocity of sound (w) in water with 
temperature {t) at different pressures can be represented by Using Smith 

and Lawson s data, maximum velocity temperatures at different pressures have been cal- 
culated. Pho maximum velocity temperatures appear to increase with the inni eaao in pressure 
but at very high pressures the data in inconclusive, 

INTRODUCTION 

Water ifi known to show an abnormal behaviour in many oi its physical 
properties as shown by Partington (1951). Anri that is also true for the 
velocity of sound in it. It is known that all pure liquids show a linear variation 
of sound velocity with temperature and a negative temjieralure coefficient Water, 
on the other hand, displays a maximum velocity (at about 74“C at atmospheric 
pressure) and the temperature coefficient changes from positive to negative at 
this temperature (which for the sake of abbreviation we shall call as ‘maximum 
velocity temperature’). Frequently this anomalous behaviour of water is attri- 
buted to association, yet methyl alijohol and several other associative com- 
pounds do not have a variation similar to that of water. 

In recent years considerable attention has been paid to the measurement of 
sriund velocity in water. Willard (1947) has shown that the velocity of sound 
can be represented as 

1557 -0.0245 (74— «)=i 

which gives a maximum velocity at 74^0. Greenspan, Tschiegg and Breckonridge 
(1956) found the maximum velocity temperature to be 73.95''C. On tho other 
hand Salceanu (1957) made measurements of sound velocity at temperatures 
between 27 "C and 81° C at a frequency of 1315 cycles per second and found 
that the maximum velocity is at about 62°C. 

Pancholy (1963) has investigated tho velocity of sound in heavy water, 
Lagemann, Gilley and McLeroy (1953) have determined the velocity of ultrasonics 
in supercooled water and heavy water. Highly accurate measurements (accuracy 
one part in 30,000) for the sound velocity in water from 0°C to 100°0 have been 
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recently reported by Grooiispaii and Tsohiegg (1957) who represent their results 
by a fifth degree polynomial. 

lleeently determination of sound velocity in water has also been made at 
high pressures. Holton (1951) has reported measurements on the velocity of 
sound in water as a function of pressure up to 6000 Kg/cni‘^ at two different 
temperatures. Smith and Lawson (1954) using an ultrasonic echo technique 
have carried on similar measurements at hydrostatic pressures varying up to 
9600 Kg/cm^. Martin (1957) has determined the velocity of high frequency sound 
waves in distil led water and in standard sea water at 25°0 betw^oon 0 and 1000 atm. 
pressures using a pulse technique. 

The measuremenls of Foltoii and those of Smith and Lawson show an impor- 
tant discrepancy as regards the behaviour of the maximum velocity of sound as 
a function of temperature as the pressure is increased. Holton concludes from 
his measurements that this temperature decreases with increasing pressure 
while Smith and Lav’^son finds an opposite behaviour. The latter authors 
have given graphs (their figure 4) showing that the maximum velocity tempera-tiire 
iiicToases gradually until increasing pressure, though no precise analysis of 
the data is given. 

Ill this paper we have examined Smith and Lawson's data by analytical nujthods 
to find the exact behaviour of maximum velocity temperature and maximum 
velocity with increase in pressure. 

It was found that the variation of the velocity of sound (u) with temperature 
at different pressure can be adequately represented by 

ivhere (t) is the iemperaturc in Centigrade degrees and a, b, c are constants. 

Smith and Lawson’s values at six different pressures were used to evaluate 
the constants a, h and c by the method of least squares. The values thus dotor- 
mined are produced iii Table 1 . The calculated and experimentally observed values 
of V are shown in Tables II to VII. The maximum velocity iempei ature is given 
by —6/2(1. Its calculated values as -well as maximum velocities are recorded in 
Tabic VIII. 


TABLE I 


No 

PreSRuroa 

Kg/cin2 

a 

b 

c 

1 

2 

1 

1407.646 

4.24663 

-.0295928 

435 

1492.642 

3.62012 

-.0218743 

3 

1039 

1605 788 

.3.21895 

-.0181910 

4 

5544 

2262.727 

1.49620 

-.00786982 

5 

7370 

2484 108 

0.068427 

.00144287 

(i 

9410 

2617.304 

1.32011 

-.0073639 
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TABLE 11 

For pressure of 1 Kg/cm^ 


No. 

rc 

Caloulatod 

id'hou. 

ObHervod 

Dilloronce 
tt(culr) — j«(obs3) 

1 

0 

1407 n 

1403 

-1 4.6 


22 5 

1488 1 

1488 

-1 0.1 

\i 

24 2 

1493.0 

1494 

-l.o 

4 

20. (i 

1409.0 

1504 

^4 4 

5 

27.0 

1500.0 

1506 

-4 4 

6 

27.0 

1502.2 

1504 

-l.S 

7 

45 4 

1639 3 

1539 

-1-0 3 

S 

55 . 1 

1661 7 

1647 

1 4 7 

9 

06 5 

1568 7 

1655 

-i 3 7 

10 

74 7 

15.59.0 

1 557 

1 2.0 

11 

83.2 

1550.0 

15,57 

-1 0 

12 

03 8 

1645.5 

1549 

-3.5 


TABLE TII 


For pressure of 435 Kg/em^ 


No. 

tc 

it, 

Calculated 

m/sec. 

Observed 

Difforonoo 
w(calo)— u(obad) 

1 

22,5 

1502 9 

1663 

-0.1 

2 

57.6 

1628.5 

1628 

1-0.6 

3 

60.9 

1636. 8 

1637 

-0.2 

4 

77.0 

1641.0 

1642 

-0.4 

6 

86.7 

1642 0 

1042 

0.0 

0 

96,5 

1638.2 

1638 

1-0.2 
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TABLE IV 

Eor pressure of 1039 Kg/cm^ 


No. 


t'alculaied 

m'aec. 

obaorved 

Dififeronce 
'ii(oalc)— 'M(ob8d) 

1 

26.6 

1678.3 

1677 

+ 1.3 

2 

44.2 

1712.5 

1714 

— 1.5 

3 

55.4 

1728.3 

1729 

— 0 7 

4 

63.4 

1736.7 

1737 

-0..3 

5 

70.5 

1742.3 

1742 

+ 0.3 

({ 

75.6 

1746.1 

1746 

1 0.1 

7 

80.4 

1747.0 

1746 

1 1 0 

8 

88.1 

1748.2 

1748 

+ 0.2 

9 

96 4 

1747.0 

1747 

0 0 

10 

104. G 

1743.5 

1744 

-0.6 


TABLE V 

For pressure of 5544 Kg/cm^ 

No. 


u, 

oaloulated 

m/sec. 

observed 

Difference 
w(calc)— M(obBd) 

1 

0.0 

2262.7 

2264 

— 1.3 

2 

22.6 

2292 . 5 

2290 

+ 2,6 

3 

67.4 

2322.7 

2324 

-^.3 

4 

66.6 

2327.4 

2327 

+ 0.4 

5 

76.3 

2331.1 

2331 

+ 0.1 

6 

86.9 

2333.2 

2335 

-1.8 

7 

96.1 

2333.8 

2333 

+ 0.8 

8 

103.3 

2333.3 

2334 

-0.7 

9 

103.4 

2333.3 

2332 

+ 1.3 



Velocity of Sound iji Water, etc, 
TABLE VI 

For pressure of 7370 Kg/om“ 




M, 


DilTeronoe 

No. 


calculated 

observed 

iA(ca]c ) z/(obsd) 

1 

19 1 

2485.9 

2485 

1 0.9 

2 

42-8 

2489 . 7 

2492 

-2.3 

3 

61.1 

2491.4 

2401 

40.4 

4 

63.4 

2494.2 

2496 

-0.8 

5 

69.7 

2496.9 

2406 

+ 0 9 

0 

84.0 

2600.0 

2497 

-1 3.0 

7 

95.6 

2603 . 8 

2606 

-2.2 



TABLE VII 




For pressure of 9410 Kg/cm 

2 


- 

u, 

in.^sec. 

Diffoi'enoe 

No. 

VV 

culctilatpd 

observed 

?i(oalo) — M(oalc) 

■ 

56 5 

2666 4 

2671 

-2.6 

2 

62 4 

2671.0 

2669 

-2.0 

3 

70 2 

2673 . 7 

2672 

HI 7 

4 

82 7 

2676 2 

2676 

H 0 2 


97.4 

2676 1 

2678 

- 1 .9 

(> 

98 4 

2676 0 

2676 

0 0 

7 

128.9 

266.5 3 

2664 

1 1 3 

H 

129.0 

2665 2 

2666 

-0.8 



TABLE VIII 



No. 

Pressuro 

Kg/rna3 

Maximum 

Velocity 

Temperature 

Maximum 

Velocity 


1 

1 

71.76 

1659.9 


o 

435 

82.75 

1642.3 


3 

1039 

88.48 

1748.2 


4 

6644 

96.12 

2333.8 


5 

7370 

X 

X 


6 

9410 

89.76 

2676.6 
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DISCUSSION 

Though Smith aud Lawson (1954-) have not given the uncertainty in their 
values it appears that the values differ by 2 m/sec from their values given 
in figure (i. Tables 2-7 show that the average difference in the calculated and 
observed values of the sound velocily is J ,4 m/see. This is within the limits 
of experimental eiror postulated above 

The results for pressure of 7370 Kg/cm^ do not show a maxima because it is 
found that the constant r in this instance is positive whereas for other pressuies 
its values are negative. Also the values of a and h for this pressure do not follow 
the general trend in thir variation with pressures as seen in Table T. Tt i^ 
thereforCj suspected that the experimental values for this pressure are noli 
sufficiently a(!C‘ urate I 

The constant a rejireseuts the velocity of sound at 0*^0 Its AT^anation with 
pressure is seen m Table 1 and figure 1, Fortunately, Smith and Lawson have 



Vrossure 

Fig, 1. Shows variation of a with pressuie. 


experimentally determined the variation of velocity with pressure at ()°C. Some 
of their experimental points are shown in figure I by open circles. As expected 
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both the above sets of points lie on a smooth curve. Point corresponding to a 
pressure of 7370 Kg/cm“ is not considered. 

Behaviour of constants h and c is shown in Figure 2. The values of b and c 
are observed to decrease smoothly with pressure. 



Fir. if. Shows variation of ponsi-antH b and c with changes m vrOBsurcs. 


Maximum velocity temperature as rletormiiied with the above theoretical 
expreesion at a preseure of 1 Kg/cm= is 71 .75°C. Tlie value determined by Green- 
span et al (1966) at atmospheric pressure i.e. l.OS Kg/cm® is 73.95'’C, There is 
thus a difference of 2.2‘’C The discrepancy at other higher pressures is bound 
to be greater in magnitude. The moximum velocity temperature increases with 
pressure up to .-5544 Kg/cm“ but the value at 9410 Kg/em* is found to be lower 
than the previous value. It has been pointed out tliat the value at 7370 
Kg/om“ is not suffieieutlv accurate. The temperature gradient at higher pres- 
snres is very small (Table 6, 7) and hence even small error in measurements enn 
seriously vitiate the position of the maxima. The experimental uneertauity of 
±2 m/sec at higher pressures can be responsible for a variation of about S-C m 
the value of maximum velocity temperature from the correct value. 
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The trend of’ niaxiniuni veloeity temperature is to iiicreaBe with pressure, yet 
we do not consider it safe to draw any precise conclusion from this fact regarding 
the numerical variation. Perhaps the value at 5544 Kg/cm^ is a bit too largo 
and that at 9410 a bit too small. 
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ABSTRACT. Atj analysis o( certain parameinc amplifiors using lower frequency 
pumping in lumped constant circuits ih proaentod. Two cases (i) combination of a mixer 
and an amplifier using one pump and two idlers and (li) combination of u mixer and an 
amplifier using two pumps and two iiiJers, havo been treated in detail. The phase and power 
relations at signal frequency, pump and idling frequencies have boon discussed. The expres- 
■sions for negative resistance, gam, bund-ividth and noise figure for each case have been 
derived 

Two other possible cases have been mentioned. It is shown that, the multi -idler circuits 
offer no added advantage. 


1. INTKOPllCTJON 

In recent years good deal of work has been done on parametric ampliiiers 
which are of groat importance in low noise work. In most of the work done. 
(Bloom and Chang, 1957, Heffner and Wade, 195S) higher frequency pumping 
requiring pumping power at a frequency higher than that of the signal, has 
been utilised for signal amplification. The limitation of such amplifiers is that of 
potver at higher frequencies. In the contimetrie region, in particular, it would 
be good to be able to use a lower frequemjy pumping source. One case of lower 
frequency jmmping has been treated by Chang and Bloom (1958) wherein they 
have employed two pumps and an idler. They havo used reversed- biased junc- 
tion diodes oi’ nickel-manganese ferrite exhibiting noii-linoanty of the cubic 
order as a non-linear, coupling reactance. 

In this paper some possible an-angeraents of parametric amplifiers using 
lower frequency pumping in lumped constant circuit arrangements and employ- 
ing quadratic non-linearity of the coupling reactance are suggested. Those 
include (i) combination of a mixer and an amplifier using one pump and two idlers 
and (ii) combination of a mixer and an amplifier using two pumps and Wo idlers. 
The phase and power relations at signal frequency, idler and pump frequencies 

♦For an excellent bibliography see Bloom and Chang (1967), 
t Now at Institute of Radio Phyjsics and Electroru;, Calcutta. 
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have been cliBoussed. ExpreBsiona for negative resistance, gain band-width and 
noise figure have been derived. 

II. TABAMETRIC AMPLIFICATION* 

It is known that energy can be extracted from a source driving an energy 
storage eJement such as an inductor or a capacitor and fed to the fields of a reso- 
nant circuit which is suitably coupled to the energy storage element. This fact 
can be used for amplifying signals. The amplifiers based on this principle are 
called variable parameter or parametric amplifiers, because hero the amplifica- 
tion IS achieved by the variation of a parameter of the system. 

'Fhe principle of a parametric amplifier can be best understood by coiisi- 
doiing the case of higher frecjuency pumping In the system of figure I , a variable 



Fig. 1 8cliema(.io rojiiesentation of u single pump single irllsr pavamL’itne nmplifici' having 
ft variftblo non-Unefti' oapaoitor as the coupling element 

non-linear reactance couples two series resonant circuits — one called the signal 
circuit having its angular resoiiaut frequency coj and other called the idler having 
its angular resonant frequency Og = co^+Wj,, where is the angular frequency 
of the pumping source driving the non-linear clement. The power at the fre- 
quency oij, mixes wdth that at and causes a current at the idling frequency 
Cl), to fiow' ill the coupling reactance. The flow of power at the idling frequency 
throws a negative resistance to the signal circuit Amplification of the signal 
is thus achieved. 

The parametric amplifiers using lower frequency pumping, to be treated 
here, can be considered as a combination of mixers and amplifiers. We shall 
consider only the foUowdng cases : 

(i) combination of a mixer and an amplifier using one pump and two idlers 
(Hogan et al, 1958), 

(ii) combination of a mixer and an amplifier using two pumps and tw'^o idlers, 

(iii) combination of two mixers and one amplifier using two pumps and two 
idlers and 
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(iv) uombination of one mixer and two amplifiers using two pumps and 
three idlers. 

Other arrangements employing more idlers do not offer additional advantages. 
We shall treat the first two (sases in detail and shall briefly discuss the other 
two cases 

IN. A^IALYSIS OF A S E I 

(1) Phase Relations . Let us consider the case of a mixer and an ampli- 
fier with frequency relations 

t.)j - co^-h Wj, (mixer) 

o)p— c).2+(03 (amplifier) 

The subscript 1 denotes signal, subscripts 2, 3 and 4 denote idlers and the subs- 
cripts p and q denote the pumps. The coiqiling reactance taken is a non-lmear 
inductor. The analysis would, however, apply equally well to a system employ- 
ing a lion -linear capacitor as the coupling element. 

The idlers cojj and Og take power from pumping source tap, Wg m turn combines 
with Wp to supply power at the signal frequency coj. 

Coiisidei the resonaul circuit showoi in figure 2 and suppose that : 



Pig. 2. Schematic reiiresentatioii of a single pump two idler parametric amplifier having 
a variable non-linear inductor as the coupling elemont. 

= inductance of the ^-th cii-cuit, 

0^ — capacitance of the k-ih circuit, 

Rz -B3, Rp — resistances of the 2iid, 3rd and 7?-fh oireuit respectively, 
R^ = coil resistance of the signal circuit, 

Rj^ = load resistance, 

R^ _ internal resistance of the signal source, 



434 


N. B. Chahraharti and K. D. Dikshit 


= voltage generated by the signal source, 
and — voltage generated by the pump source. 


The coupling reactor is an inductor with (piardratie non-linoarity, that is, the 
flux varies with the instantaneous current as given by equation (2) 

0 — ■■■ ( 2 ) 

where 


h — coefficient of non-linearity, 

— linear jiortion of the induetance, 

— total instantaneous current at time t 

-I- 

^=l,2 3,}> 


*denote8 the conjugate. 

The voltage across the leactor at any instant will bo given by 


dt ° 


diu) . 
dt 




dt 


fc=l,2 3,3) 

-2L. (3) 

ft=1.2,3,3) ft-1,2,3,3) 

Jf we designate the voltage at a frequency to* as w*, the various components 
of the voltages at different freejuencies will be 



... (4.a) 

= jeo, -j2o>,£r/i//-|- V,*]6 i"=« 

. ... (4.b) 


... (4.C) 


... (4.d). 

Supposing the idler circuit (3) to be resonant at tOg, we have 


^3-^3 = ^^tOgly/^/g* 

... (5) 

Let us write /* — 



whore 
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die = the phase difference between the applied voltage and the result- 
ing current. 

We now have 

Hence the phases will automatically be adjusted such that 

0^,-0,+^ 12 ... (6) 

►Similarly for the idler circuit (2) resonant at cog, 

- j2<OjL /,'[/, 

Using equation. (6) 

- ( 7 ) 

This requires the phases to be adjusted such that 

either 0^ — Op ~ and if < 2iiiJblpJ\ ...(8. a) 

Or Oj —Op = 0.^—7 tI2 if l 2 B^> 2bi^LIpl2 ... (8.b) 

Taking relation (8. a) 

= -2oiL/,7j,V(">‘+«‘) 

The negative sign before the second term in the above equation indicates that 
the power should be given to the signal circuit. Tn other words the signal power 
should be arniilified at the cost of the pump power. On the other hand if the phase 
relations are given as in eqn. (8.b), the power should bo extracted from the source 
and the signal would be attenuated instead of being amplified, 'rhus the ampli- 
fication can be achieved only if 

RJ.^ < 2{}i^L Jpl^ {vide equation. (8.a)} 

Substituting the value of the condition of amplification becomes 

... ( 9 ) 

' -K3 

This is verified in section III(3). 

(2) Power Rehiions : The last terms on the right hand side of the equations 
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(4) give the powers at different frequencies entering the coupling reactor. Denot- 
ing the power entering the coupling reactor at frequency as wq find 


p , 2 w I /, V, I + 1 n 

Pa 2Loi.JI.J^Ip\ 

Pp = 2Lop\ ! I^I^Ip j I l^l^lp I ] 

From equations (10), wo obtain 

Pp _ 

CO 2 Wa 



Wl (O 2 tOg 


(lO.a) 

(lO.b) 

(lO.o) 

(lO.d) 


(ll.a) 


... (ll.b) 


These are the Maiiley-Rowe (1956) relations lor this ease 

(3) Negative Resistance . The signal frequency will not awlays be toj, 
instead it may bo, 111 goneral. co\ w'here <o'i = Oj+Ao). The idling frequencies 
will then be 


co'g ~ tOg 4 and to'a = cog — Ao) 

Under the assumption that the of the circuits are quite high and the frequencies 
are well separated, we can write the general voltage current relations as given 
below 


y. = zj, - j 2 <o,i/,/„ 

... ( 12 .a) 


... ( 12 .b) 

0 — ^ 3/3 j2(ti^Ll2^Jp 

... ( 12 .C) 

Vp = Zplp -j2a,pL[I,I, 4 / 1 / 2 *] 

... (12.d) 

Zi — Rji 4- j^i = (-®i 4- -Rji + -By) 4 j^i 


= Pjp 4 j Ci)'j(Iro 4 Lj) — ^4^] 



... (13.a) 

Z, = sJ l-i j2Q, ^-1 

L tOg J 

... (13.b) 

z^ = bA\ —1 

L Ci)3 J 

... (13.0) 


where 
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Z, = bA ] + jZQj, 1 = A, ... (J3.d) 

L ct>j» J 

The effective self impedance for the signal cricuit can be obtained by elimi- 
nating idling currents from equation. (12.a) and will be given by equation (14) 



. 4co>'2L2|/^|2 


From this we infer that in order to obtain negative resistance and hence 
amplification of the signal, it is necessaiy that 

^ ^ 4c»i'20>'3X2|/j,|'2 

^2 ^ 

■"3 

and at resonance 


... (16) 

which is in confirmity with the condition {equation. (9)} of amplification obtained 
from phase consideration in section Tll(l). Equation. (14) can be written as 


= i?)+i(Xi-X) ... (16) 

where the negative resistance E and the reactance X are given by equations, (17) 


EfpQiQ2^i3}/^ip{Q2Q^^‘ipfi^p 1 ) 


M r=- 




( - 1 ) +4a.^( 

\ 0.2 <1)3 tO.jW 3 / 

( )“+ 4Ao.»( 

\ C02Cil3 f \ Cug 013/ 


where , 




(17a) 


(17.b) 


(18) 


At resonance i.e. for Aco = 0, the negative resistance becomes 


, _ 4 ( 0 iCOaL 2 |/y |2 

4g)2W3L2|/,|2 „ 


... (19.a) 
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(4) Gain and Band-width : The power gain of the amplifier is defined 


P 

G = = 


I IV4% 


Substituting the value of l | ‘^f j ^ from equation. (16) 


G = 


The gain will be maxinnim at resouaiiec and will be given by 
^max ~ ^BgRj^KM^ - Rret)^ 

I’lio normalized gain (— GIG„iax) be written as 

R>r-Braa V 


= I ■>" 

wiflir ^ I -^ 11 1 


(20.a) 


(20.b) 


( 21 ) 


( 22 ) 


The band- width of the amplifier will be equal to the difference of the roots of the 
equation. * 


SL 

^max 


(23) 


that IS 

21 1 _ QiQ'iPi pfi^p 1 

L i -I 

QiQ^iPwfhp ( Q'iQ^P2.vPip ~ ~ 0 


1 - 


L ( QM^pPzp + ^ 1 )' + J 

' \ ^^20)3 / \ COg W3/ — * 

QlQM^p{ 

\ to™ to™ tOotOo* / 


2A6 


( Q.QApP.p + ^QA , 7 ^' - 1 ) ' + 4Aco2 ( ^ 7 9a\ ^ J 

' tOgCOg / \ COg CO3/ 


.... ( 24 ) 


If the value of ^’s and /ff’s be known, the value of ^ can be plotted against 
Aco and the >and-width can be determined, 
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It is obvious that the value of maximum gain and band-width for a particular 
value of inductance variation is entirely governed by the negative resistance. 
Larger is the value of R the larger is the gain. From expression (17. b) it is seen 
that R can be increased by increasing the value of and and decreasing the 
value of Qg. The increased values of tOg and co., will also have similar effect. 
The value of inductance variation required for annuling the total circuit resistance 
can be written from equation (19.b) as 


or 


QiQi^ip/^2p — "'1 

/ 


It is therefore seen that for the values of 2LIp given by ecjuationn. (2()) 


< -zLif < / — y 


(26.a) 

(26.b) 


(26) 


the system is unstable and the sustained oscillations wdll take place. In order 
to use the combination as an amplifier the adjustment is such that the value 
of 2LJp approaches 


but still 


/ i?i R 2 . Rs \ '■ 

\ Ci)2C)3l2] / 


QlQ2^1P^2p iQ^2^2pPzp 0 


Such an adjustment will give maximum gain 

Usually in practice Qi, the loaded Q of the signal circuit, is quite small, that 
18, Q 1 Q 2 P 1 PP 2 P ^8 ^ small fraction and hence for largo values of gain we can assume 

[Q 2 Q 2 P 2 PP 2 T i ■■■ (27) 


With this assumption, the band-wddth can approximately be written a'^ 

2Aw = ■■■ 

9 a -I- ?3 

6)2 COg 


(5) Noise Figure ■ We shall now find out the noise figure of the amplifier 
under the assumption that the signal to be amplified is precisely at resonant fre- 
quency ci)i of the tank circuit (1). Noise figure is written as 

SoAo 

' ^ X - N 

* Power gain ® 


( 29 ) 



440 


N, B. Ghakrabarti and K. Dikshit 


where 

s* 

N ” available signal to noise ratio at the input 

“ available signal to noise ratio at the output 

K — Boltzmann’s constant 
Tq ~ Standard noise temperature = 290°^, and 

A/ — the noise band-width of the amplifier. 

In order to calculate we return to original equations (12) and replace the 
signal voltages by noise voltages as shown in figure 3. 



Fig. 3. Figure 2 redrawn to indicate noise sources. 

We can find the individual contribution to noise power by any one circuit 
by putting all the noise voltages except the one under consideration, equal to 
zero and then eliminating the idling currents. The total* noise current square is 


_ '/ _ L—Y+lJ^ I \ 

\ jzY\-sl \ \Zi\-s I \z,\- 1 z,\-ji I 

where 

Ui]kn^ = noise current squared in the ifc-th circuit 
N ~ i + 1 


... (30) 


* It may be noted that we have neglected the noise voltage Ej,^ due to Rp because it is 
very small as compar ed to the pump voltag"' Vp. We have also taken no account of the 
noise voltage due to the fluctuations of the pump circuit. 
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As are the thermal noise voltages, we can write 


= 4 :K^f{RgT,-]-RiT) 

.. (31.a) 

AV = ^KmfR^ 

.. (31.b) 

= 4 :KT^fR, 

.. (31.C) 

Substituting these values we get 


AT — 4 ^fA/i 2 F/ 1? 71 j_p 71s ^ R^TR^ 1 ”1 

... (32) 

1 T [„ T„ , R,R‘ ] 

and y -f B, + + | ^5^2 J ' 

,.. (33.a) 


From oquation. (20) we have 
G = 


Therefore, 

F = 


T E,l ^ 

T,[e, R,\ 2<^,L\I'^\ 



(33.b) 


Equation. (33. b) can be rewritten as 


m -^1 



(33.C) 


Denoting the left hand side of equation. (33.c) by tj, we have 


V 





1 




(33.d) 


The variation of with pump current Ip is depicted in figure 7. 

Before proceeding to analyse the next case, it is worthwhile to note that if 
we use non-linear capacitance as shown in figure 4, instead of non-linear induc- 
tance, the method of analysis will remain unchanged. Thus, if we assume that 
the voltage across the coupling capacitor is given by 

^(0 = 


... (34) 
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where, S ^ IjC, wg can write any one of the above relations simply by replacing 
2jo)L by SjjiM or l/jwc in the relations derived for inductance coupling case. For 



Fip. 4. Schematic representation of a single pump two idler parametric amplifier having 
a variable non-linear capacitance as the coupling olemonii. 


sample, the expression for effective self impedance of the signal circuit will be 
given by 




= z,+ 


L ' J 


(35) 


nl. ANALYSIS OF CASE II 

(1) Phase relations : Consider the combination of a mixer and an ampli- 
fier employing two pumps and two idlers. The frequency relations in this case 
are 

= 0 ) 2 + Wj, (mixer) (36.a) 

cOg — cog+cog (amplifier) (36.b) 

The pumping source at frequency Og supplies power to Wg and cog. The power 
at cdg mixes with that at to give power at co,. An analysis similar to case 
I will give following phase relations; 


( 37 ) 
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and ... (38,a) 

or d^—Op =!= &2^7 tI‘2 ... (38.b) 

In this case too, although the amplification of the signal will be achieved if 
the phase relations are those as given by equation (38. a), the possibility of 
attenuation is not ruled out and the signal will suffer attenuation if equation 
(38.bj instead of (38. a) holds good. 

(2) Power relation's The power relations are given by equations. (39) 


P^^2c,,L\I^L,Ip\ ... (39.a) 

P, = 2c^,L[ \ Wp I + I JJJ, I ] ... (39.b) 

. (39.C) 

Pp^^2o,pL\IJJp ... (39.d) 

P, = 2c>.,£| W,| ... (39.e) 


(3) Negative resistance : Proceeding exactly in the same way as in case 
I one can write the offeiitive self iraijodance of the signal circuit as 


Zu = 


7, ■ ' I V 


(40) 


The negative resistance and reactance, in general, are given by the following 
equations • 




Q'lQ^Piqfi'Aq to,j^ 

/ 4m -1')' +4Ao)“ 

y coow^ / \ tOij CI3/ 


"Q,QMiP (^- ) 


(41. a) 


...(41.b) 


At resonance 




(41 .0) 


5 
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where 


= - ( 42 ) 

The variation of fractional negative resistauce at resonance is depicted in figure 

fi. 




Hence 


( 43 ) 
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This relation is depicted in figure 6, It is easy to see from figure 6 that the large 
values of negative resistance arc obtained by choosing small values of the ratio 

^ . It is also obvious that ( or Li \ is smaller, the larger is yi(or IJ). 
Ti ri \ V ' 

/ a 

Therefore, the condition of large gain demands a small value of the ratio and 

Ip" 

a large value of 



0.4 0 8 1.2 1.6 2 0 

->yi 

Fig. 6. Plots ol variation of 73 with yi for differont values of fractional negativo resis- 
tanoo [see equation (43)], 

(4) Gain and hand-width : The expressions for gain of a parametric ampli- 
fier employing a combination of a mixer and an amplifier is not much different 
from the previous case. Wo have, in this case 

and 


{By -- Rr 4- (X^ - X)* 


... ( 46 ) 
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The hand -width will be equal to the difference of the rootfi of the equation. 


Q_ 1 


(46.a) 


that is, 


L ^2^3P27Psfl ^ ■' 

(5) Noise figure ; The ultimate noise figure is analogous to that of case 
T, and can be written as 

d;;ir 


The equation (47) can be re'WTitten as 


r (jp i\^o 


-- H- 




... (48a) 


7 ==- 




QA \hV 


-b 


( liir 


(48.b) 


The variation of tf with pump currents is depicted in figure 7. 

The expression (48) indicates that the noise figure can be reduced by choosing 

a small value of the ratio — and of It should be noted that the requirements 
“a Ip 

of a small value of Iqjlp and a large value of demanded by equation (48) for a 
small noise figure are consistent. 

IV. ANALYSIS OF CASES III & lY 

(1) Phase relations'. For the combination of two mixers and an amplifier 
the frequency relations are 

COl = COg + 0)p 
= OI3 + 
tOy = Wg + COg 


(mixer) 

(mixer) 

(amplifier) 


... (49.a) 
... (49.b) 
... (49.0) 
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CO 2 and wj receive powers from the pumping source cog and after mixing with co^,> 
and tOg respectively, deliver power at the frequency wj with the result that the 
signal power is amplified. 



10 


12 13 

Ij, or Iq in mil— > 




Fig. 7. Plots of t = [(F - 1) with 

Q2Q3 ( 


4£2 


pump cuiTonts, asauniing that, 
10,000/(w^)‘-i 


In order to achieve amplification of the signal one of the following phase rela- 
tions should he satisfied. 


(») ~ ^ 

0. = Si-O,-l 

I\Pp ^ ^3 ^ q ^ ^1 ^ p 


(60.a) 


and 
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(b) 61, = 0, _ ^ 

= 0,-0, + -" ' (60, b) 

0, = 0,-0,_" 

and > I^'Ip' and I s' > // 

(2) Power relations . The power relationH are given by the following 


equations. 

Pi = 2Lcoi[ I TJsTj , ; 4 I W« I ] - (Cl-a) 

P, = 2Lo,s[ I hhh I -i- I hhh I ] - (Sl-l*) 

P, 2Pco 3[| WJ 4 ; Wff|] - (51c) 

P,=: ~2Lco^|V.J^| ... (61.d) 

P, = 2WI W,| - I W,|] ... (51.e) 


(3) Negative resistance The negative resistance at resonance is given 
by equation. (62) * 

R _4 coitj,L» 1 7 ; I | 1 | 1 7^| 1 

' «,(03XS|/,P-7<A ■ *■ ■ - K ■ > 


__ ^a^QiQz/^ipPsp'\ QiQs^] s/^3g: ii^QiQiQ :t^ip ^2g^3g i 

o a~~ "t 


(52.b) 


The negative and the positive signs correspond to phase conditions given by 
equationns. (50. a) and (60.b) respectively. Therefore, the amiibfication will be 
greater when the phase conditions are those given by equation. (50.b). 

CASE IV. 

(1) Phase relations : This is a multi-idler case and employs a combination 
of a mixer and two amplifiers. The frequency relations are as given below: 

coi = W24 «*>jj (mixer) ... (53.a) 

= W24W3 (amplifier) ... (53 .b) 

= (amplifier) ... (63.c) 

The idlers oig and 0)4 receive powers from pumping sources Oj, and co^ res- 
pectively, while the idler (O3 receives power from both the pumps. Wg mixes 
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with ci)p to give power at frequency Qi and thus the amplification of the signal 
results. 

The phase relations resulting in amplification are given below. 


e, =e,-o,+ I 
I 

0, = o,-e^~ I 

and 


(54) 


(2) Pow^r relations : The powers at various frequencies entering the reactor 


are given by the following equations . 

Pi— I I ] ••• (l>5.a) 

7^2 — “ 2 i/a> 2 [ I Iil2^p I H“ 1 ’Jp I ] • ■ • (55. b) 

P 3 = — I a/j) I + I | ] ■ . ■ (55. c) 

P,=-2Loi,\\I,IJ,\] ... (55.'7^ 

P^ — 2La)^[ I I - I I J ... (56.e). 

P,^ 2L(o,[|V 3/,|] - (S6.f) 


(3) Negative resistance • The self impedance in this case is given by 


y. — 7. 






^4 


At resonance the negative resistance is 


R - ^ 3 ^ 4 ^ \^ q\^ “ 


p Q iQi^ip^ip 

^ ^ 2Qz^2qfi3a - 

1— 


(56) 


(57.a) 


(57.b) 
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li:i concluding it would be good to compare the expresBioi^ of fractional 
negative resistance of all the parametric amplihers so far evolved. The expression 
of the fractional negative resistance for single pump and single idler as well as 
two pumps and single idler case (Bloom and Chang, 1958) using third order non- 
linearity are given below . 

(i) ... (68) 


(io 


M 


II 




y 


L 2 1 



j 






(59.a) 


Corresponding expressions for different cases considered in this paper are to be 
found ill equations (19.b), (41 .c), (52 b) and (57. b). 


It will be observed tliat the negative resistance iii case of multi-idler circuit 
is less than that obtained in other cases and therefore, they offer no added ad- 
vantage The third case viz. the lower frequency pumping parametric ampli- 
fier (ionsidored as a combination ol two mixers and one amplifier using two pumps 
and two idlers, seems to be the best one with regard to gain. 

Writing expression (59. a) in terms of equivalenl' inductance and accordmg 
to the symbols used in this text wo have, 


1 

4 


... (59.b) 


— ^ (59.c) 

Kemembering the equation (27) it is easily seen that for the same values of Ip 
and Iq the negative resistance obtained m our combinations is greater than that 
obtained in the above one [^vidc equation (69.c)J. We, therefore, anticipate 
that the gain will also be larger in the present combinations. 


V. AN ALTERNATIVE METHOD OF ANALYSIS 

If the coupling reactor is assumed varying at the pump frequency, that is, 
if the inductance L(t) is given by equation (60), the analysis will remain 
unaltered except that w'e have to substitute Lp for — 2Llp and Lq for ~ 2LIq in 
each of the equations. The inductance is given by 


lit) = 


... (60.a) 
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for one pump oase, and 

L(t) = Lp[e + M] 

H- ^ + ^ff)] ... (OO.b) 


for two pump case. 
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ELECTRON TEMPERATURE IN ELECTRODELESS 
DISCHARGE SUBJECTED TO A TRANSVERSE 
MAGNETIC FIELD 
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iNyTiTUTK OF Kadio J^uvskis and ELECTTioNicy, Calcutta XInivehsity. 

{Rfictiocd, Sepleniher IK, 1969) 

ABSTRACT. Viiluey o/' oleftion ionipo/atiui) ju iiiolopuliii' ganos sul)jofjiod io e)locl,rorle- 
losa dipichurpo have boon oblaiixod from mohdit.y and jIh vaviatioii willi pressuro. Tho 
apparent diHCJi-optiue-jr with tlxo publiyhod data is shoAvu iii two easefi, namely, effect of 
magnetic field and high value of X/p. 

Tlio ok-otroii iompeialuie in gaseous discharges has hccii measured by a 
number of woikors (Seebgor and llircbert, 1031; Killian, 1030; Sommermoyor, 
1034, Druyvestcyn, 1033) tvitb (liffeKJiii diKcbarge currentK and gas pressur 's. 
Tn vioAV of the fact that aluiost all tho data, available in the literature, refer to the 
rare gases, and very few 1o molecular gases, mo niporf' bere some results of 
measurement of the cleci.ron Icmporalure in molecular gases within a Hftiitcd 
range of pressures The v alues of the electronic mobility as tvere reported (Goswaini, 
1058) in elect] odeloss discharge subjected to a magnetic field, have been used in 
evaluating Ibc electron temjicraturo. The values of electron temperature may 
be determined from mobility and its variation M'itli jirossuro from a simjile rela- 
tion derived below. Starting vdtlj the relation 


RESULTS AND DISCUSSION 

1 .. 3 

^ mvr — ^ h Tf 

2 2 


... ( 1 ) 


we can write 


- KT^ 


... ( 2 ) 


where c- — -|- v“ \ the symbols having their usual significance. 

Ill a gas subjected to an electrical discharge and in thermal equilibrium we 
can write (Huxley, 1957) for the drift velocity 


and 


2 X. 

3 



(3) 



... (4) 


* Now at tho Central Calcutta College, Calcutta , 
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where c — mean velocity; I ~ mean free path: X ~ olectrie field and = elec- 
tronic mobility. 

From (2), (3) and (4) we can wnite 

r* = — . X 3.3i) X 101* ... (6) 

Eqn.(5) can be used to ascertain the variation of Tg with ])ressiire by using the 
values of eloctronic mobility delcrmiued earlier (Deb and Goswami, 1!)56; Goswami, 





J/y') ^ 

FiL^. 1 
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195S). Standard valucb of ? at 1 mm. Hg for such gases arc taken from Loeb 
(1939) and those corresponding to other pre.ssures are found out from the relation 
pi — constant. The results are shown graphically in figures 1 and 2. The quali- 
tative variation of with p is as expected and in conformity with the data given 
in Handbuch der Phypik (1953), and Guthrie and Wakciling (1949). Quanti- 
tatively, however, it may appear that the lesults obtained here are one order of 
magnitude higher. This apiiarent disciepancy can, however, be traced to two 
causes. Firstly, Tp depends on li markedly and it increases apparently with 
increasing magnetic field (Figure 3). as obtained hero is thus a bit higher, 



K>g. 3 


as measurements are made in the presence of a fairly strong magnetic field. 
Secondly, in our experimental set-up the value of X/p was high (= 1000). In 
order to illustrate the possible contribution due to these two causes we proceed 
as follows. Valucfe of for a given gas and discharge tube are plotted against 
magnetic field with pressure as the parameter and the corrected value is obtained 
by extrapolation to zero value of H (figure 3) The extrapolated values thus deter- 
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muieci are plotted as a function of Xjp (Figuie 4). This latter curve shows that 
increases with Xjp, From this trend of variation of as observed in figure 
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4 it js easily seen tliat the oxiierinicntal values may be higher by an order due to 
the two causes mention erl above, viz., effect of magnoiic field and high Xjp 
value. 
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PRELIMINARY REPORT ON THE CRYSTAL STRUCTURE 
OF ANTHRONE 

SURENURA NATH SRIVASTAVA 

Depatitment of Physics, Aelahabad UNrYERsiTYj Allahabad, (India) 

{Received, (September 2S, 1 ^^59) 

The orystal HtriKitiire of Antlirone ift determined by moang of two dimeiiHional 
Fourier Syuliiebia in the 010 plane. This plane is cliosen as the inoleculo is wclJ 
resolved m projection on this plane accordiug to the trial structure. The space 
pi'onj) of anlbrono together with other crystallographic data has already been 
published by Srivastava (1957). However the axial lengths were again deter- 
miired with the values of Bragg angles, obtained after correcting them for film 
shinkage errors by the author’s method (Srivastava, 1959). The revised values 
thus obtained are 

— 15.80 A; 5 = 3.998 A; c — 7.86 A, The space group being 
V2Ja—C2h^. 

The values of the atomic coordinates which wore obtained after the third 
refinement of F^^ synthesis are given in the tabic, taking the X and Z coordinates 
from the projection, and deriving the y coordinates from the standard inter-atomic 
distances. The value of the reliability index 


came out to be 0.267. 


R=^ 


Folz_l 

Sf/’ol 


(The symbol 0 refers to the Oxygen atom and all other letters refer to carbon 
atoms.) 
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TABLE I 


Atom 

XmAU 

Fin AU 

ZinAV 

A' 

2. 12 

3.6.6 

3. 10 

H' 

0.80 

3 08 

2.07 

O' 

0.44 

2.6(j 

1 34 

E 

1.83 

2.60 

0.4(5 

F 

2.(56 

3.18 

0.80 

G 

3.08 

3.70 

2.14 

D 

0 . 08 

2.06 

-0.03 

() 

1 .70 

2.00 

-1.(51 

A 

■2.12 

0.36 

-3 10 

H 

--0.80 

0 02 

-2.(57 

C 

— 0.44 

1.44 

-1.34 

E' 

-1.33 

1.40 

-0.4(5 

F' 

-2.06 

0.82 

-0.80 

G' 

-3.08 

0.30 

-2 14 

D' 

— 0.08 

1 06 

0 . 03 


Tlio molecule is assumed to be planar, and the origin is chosen at the contro 
of symiuetiy. The atomic scattering factors for carbon atoms Avero taken as 



Fig. 1. 

those for the general carbon atom for the anthraquinoue, and for oxygon atom as 
that taken in the case of oxygen of anthraquinone by Murty (1957), since the 
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two BtniclureB are strikingly very similar. Refinement of the structure by the 
Difference Synthosifl is in progress. 

The author is much iiiclobted to Professor K. Ranerjce for his guidance 
t.hroughout the progress of this work and is thankful to Dr 8. C Chaki’aborty, 
and 8hri H. K Joshi for then- help. 
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ON THE CRYSTAL STRUCTURE OF METHANOL AT -180°C 


G. 8. U. KRISHNA MURTI 

Oi*Tics Depamtaient, Indian Association rcm the Cultivation or Sulnce, ^ 
Calcutta-32. 


{Received, September 30, 1 969) 


The crystal structure of methanol lias boon studied by Tauer and Lipscomb 
(1952) by studying the Wcihsenborg and procession photographs of the crystal at 
— 110"C and at — lOO^G. They reported that tlie crystal has a transiiionat — 115°C 
the high temperature modilicatioii being orthorhombic conforming to the vSpace 
group The Weissenliorg photographs taken for the crystal at — 160^0 show 

that the low temperature phase c.onsists of small crystallites of low symmetry but 
not of a single crystal. They observed that the possible unit cell which accounts 
for all but a few weak reflections if. niouoclinic with two molecules in the unit 
cell having dimensions a — 4.53 A.U., b — 4.09 A.U., c = 4.91 A.U and /V = 90° 
ill 3°. The space group C^g/t was assigned to the cryslal although tlicy suggested 
the presence of some weak reflections indicating a super lattice An attempt has 
been made to find out w'hethei' the crystal retains this symmetiy at still lower 
temperatures upto -~180°C. 

The Debye- Schorrer pattern due to the crystal at -~180°C was photographed 
by the method used earlier (Krishna Murti and Sen, 1956). The spacings calcu- 
lated from the pattern obtained for the ciyslal at - 180“C are given in Table I. 
The pattern has been analysed by trial and error method and it has been found 
that the crystal is monoclinic with the unit cell dimensions as a = 4.59 A.U., b = 
4.68A.U., c — - 4.92A.U, and fl — 97°30'. The density of the crystal at — 180°G 
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TABLE I 

8pacing« of cvyatals of mothaiiol 


(Tau 

at -100°C 

CL' ami Lipscomb, 1952) 

1 

at 

-ISO^C 


Observed 
apacinga 
in A.U. 
and 

Intensities 

1 


Indices 

Calculated 
spacinp;s in 
A.U. 

Observed 

atructure 

factor 

^ - 1 

, 

apacinga 
ib A.U. 

Indices 

001 ' 

4,90 

<4 

4.80 (m) 

4.88 

' 001 

100 

4.52 

9' 

4.65 (w) 

4.56 

100 

lOT 

3.41 

J8 

3 . 66 (vvw) 

3.67 

101 

on 

3.39 

IB 

3.38 (a) 

3.38 

Oil 

no 

3 . 20 

24 

3 26 (vs) 


i 26 

110 

JOJ 

3.24 

18 

3 13 (m) 


1.13 

101 




2.84 (w) 

2.84 

HI 




2.60 (w) 

2.00 

111 

00L> 

2 45 

5 





020 

2.346 

— 

2.335 (m) 


2.34 

020 





1 

2.28 

201 




2.28 (w) 









2 . 276 

200 

200 

2.20 

5 





021 

2.115 

<4 

2.11 (w) 


2.11 

021 

102 

2. 11 

8 


r2.05 

210 




2.04 (w) 




120 

2.08 

6 


1 

2 04 

102 

210 

2.04 

6 



1.97 

211 




1.98 (vw) 




201 

2.01 

9 



1.96 

201, 121 

121 

1 93 

8 





121 

1.90 

8 

1.87 (w) 


1.87 

112, 121 




1.82 (w) 


1.81 

211 

022 

1.696 

4 


1 

[1.69 

022 




1.68 (w) 




212 

1.64 

7 


1 

[1.67 

212 

003, 220 

1.63 

4 

1.63 (vw) 


1.63 

122 







220, 003 

212 

1 .63 

7 



[1.52 

300 

103 


6 

1.61 (w) 


1 


300 

1.61 

4 



[1.51 

113, ;m 

031 

1.40 

7 



1.486 

031 

, 130 

1.48 

7 

1.48 (w) 

V 


1.48 

212, 130 

301 

1.40 

6 



1.47 

103 
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is found to be 0.98. The number of molecules in the unit cell is two. The 
extinction of oko for k odd places this crystal in the space group 
The agreement between the calculated and observed spacings is shown in 
Table I. 

Thus the space group remains the same at — IHO'T!, but bhe angle (i increases 
slightly. This increase in the angle ji and in the primitive translation along «- 
axis, with lowering of the temperature from — 160“C to - 180“C, explains the 
changes in the intensiticR of reflection observed for co”taiii plaiie.s (I'ahle I) 

The author is grateful to Professor S. C. iSirkar, D.Sc , P.N.T., lor his kind 
interest and to the National Institute of Sciences of India for the award of a 
Fellowship. 
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ACTION PRINCIPLE AND LAGRANGIAN WITH HIGHER 
ORDER DERIVATIVES 

S. P. MISRA 

Mathiamatios Department, R. Coli^ege, Cuttack 
{Jiec&ived, July 16, 1659) 

ABSTRACT. Wc Jiavo obUineci hero oortiiin oommuUtion lelaiioiiH of field quuntitioR 
(field oportttortj and then* dol■i^'atlves) for Kxiaee-like Hcpui ation of the points when the Liigraii- 
gian density contaaiH denvativen ol field operators of order higher than fii-Ht by using Schwin- 
gfi-’s oj)evator pnnei])]e ol Stationary Action. The oommutatura thus obtained are quite 
complicated, unrl the r onHislency of this procedure can only bo discussed in iiidividnol cases 

I. 1 NT ROD UCiTXON 

Jii a .scriBH (il iiitcrcHtiiig papers. Sc-hwiiiger lias considered (pianiuiu field 
liioory ill a very general way (Schwinger (195J), (195IJ) and (1954)). The starting 
point of Ibis series was a fin-thor generalisation of the Action Principle by using 
the ideas of qnaiiluin mccliamcs. However, all these consideralious were con- 
fined to the case of a l./agraiigian containiug only the first order derivative of the 
field opeiators. Wc shall try to generalise this procedure furtlier when the 
Lagrangian contains derivatives of the field ojieraiors of any finite order. Wo 
note that this gives rise to a lot of complications even for a single field w'ithout 
spill, and we arc able to oidy write down a number of commutation relations for 
Hpace-lik(‘ separation of the field (piantities The consistoincy of the many such 
relations that Avc deduce is not possible to prove; but they are necessary conclu- 
sions from the Action Ih-inciple and the fundamental ideas of ((uantnm mechanicN. 
We shall have occasion to demonstrate this method in greater detail for the case 
when the Lagraugiaii contains only second order derivatives of the fiehl 
operators and gives rise to a particularly simple type iif field ecpiations proposed 
by Bhabha (1950) and Thirring (1950). 

Wc shall first very briefly outline the Action Princijile that v e are going to 
utilise. 

Let us consider two space-like surfaces (r^ and on whicli the dynamical 
variables are known On (t^ and on we construct complete set of commuting 
observables fj and respectively which have corresponding eigenvalues f,' 
and Sa'. Thus, we can write the state vectors on the surfaces and in terms 
of these eigenvalues as > and The transformation function 

here is. 


<Cl,0'llS2. > 
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A variation of this iranisforniatioii fiuictioii is given aH 

'5 < r,. I <r,>-i< 0 - 1 1 SW,, I <T, > (1) 

also 

... ( 2 ) 
... (8) 
and 

- A'lfi., ... (4) 

►Siiiee tlie Hiate vcetors on any surface form a coiujdcte orilnuionnal set, when 
we normalise these states vectors to luiify we obtain, 

X ^ 1. ... (6) 

Cojisistent with the properties (2) to (4), wo assume that ihere, exists a liermi- 
t-ian function L of the field opoiators such that 

tf,.= ^L\3\d'x. 

<ru 

where 

The above L is tlie Lagraiigian density and will giv<5 us the com})lete information 
about the dynamicjal system 'fhe operator sets and arc similarly constructed 
from tlie field variables <jn the two surfaces (t^ and snd in the neighbourhood 
of these surfaces. 

^Vc can got a variation of H'jg in equation (fi) by varying the fielrl operators 
and then- derivatives on the surface& cr^ and rr., and in the region interior to them, 
and also by varying the surfaces (Tj and <7.^ themselves. Now, as a result of such 
variation, let the new and the old state-vectors bo related by the unitary traus- 
forniation 

Kf+A'o?)', (r + (rtf> .-Ulf'.o-> 

Writing U “ — I— wlioiT- F = F(^, (T, Scr) is hermitian and 

t he generator of the infinitesimal transform ation on the surface cr due to the 
above type of variations, we obtam. 

0 - > - -- iF(C, O', (Jrr) | T, o' > 

which, in conj miction witli equation (1) gives us, 


m,. - F(?i, Ui. 0-,, fia,) 


( 7 ) 
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Now, ill postulate (6), we have, (for definiteness, with o-j later than tr^) 


(F., 

ffj ffi+ScTi a., 

— I SLdh' ~|- J Ld^x -f J Ld^x 

cr.2 02 ffa-l-fiao 

ffj 

- j + ( I - I 

cr-i tr^ cth 

where Xf^ lying either on o-j or o-.^ changes to Xfi-\~dx^ <lue to the variation of the 
surfaces, and dtr^ — n^dfr with d,a denoting an element of the surface o- and 
being the normal to the surface in the time-increasing direction. 

2. ACTION PRINCIPLE WHEN THE LAGRANGIAN 
DERIVATIVES OF ORDER H T f J H E R 

THAN THE FIR SI' 

We now proceed to apply the Action Principle to the case when the Lagrangian 
(jontains derivatives of the field operators ol order higher than the first. We 
consider for simplicity L{x) to bo a function of a single field operator 0(a:) and its 
derivatives of any finite order. This is not a .loss of generality in obtaining the 
field equations or the commutation rules, as wdll be clear from what follows. We 
sliall further also restrict our considerations to the case of a scalar or a pseudo- 
scalar field such that they remain unchanged under rotations, and the complica- 
tions due to the transformations of field operators rvith spin are eliminated. 
Thus wo write. 





Then we fibtain SL due to a variation of the field operator 0 as 

+ («) 

We now use the fact that (*^ 0 ^) and find, with 


dfidydx ... (n times) ... 


( 10 ) 
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ail w-ili order partial difforentiial operator, that, for any fiiuct-ioii ... (.t) 
in all ifft Miceft, 

fn„X ■■■ ••• (*^ 00 ) “ ( f/iux (•*') 

-\-0i^\hn - - (^ 0 ^) 

./;.x ■•■ M) 

- ... ... ( 11 ) 


Beiioe, putting 

/■ ^ ^ 

Imp>^ •■• ’ 

we obtain from relations (9) and (M), on roarranginji; llie terms on the iiglit hand 
side sueh that the eoeffieients of ... are eonveiiieiitly separated in the 

term with 0 , 1 , 


HL 


wheio 


r OL ^ OL ITT OL I . , 

= L H 3(w-) - J 


OL -s OL L ;? 1 

- ajd^) ’■' * W^d^^ip) 


.. ( 12 ) 


OL ^ OL , 


.. (13) 


Applying Gauss theorem to the term with in the expression (12), we now obtain 
from equation (8), 

•^1 

= l [S--‘’'‘a-(Sr+^'‘"'W^— -1 (W‘-+^’(-.)-PK) (14) 


where 


F{(r) = J [n,,{SQ(l>) -f H- ... + Sx,,]d(r„ ... (15) 

n 

Comparing expression (14) with (7), the operator* principle of Stationary Action 
asserts that W 12 must be stationary for the variation of the field operators in the 
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ititeriov of the volume boiuided by er^ mid o’.,. This pelves riee to the tielfl ecjua 
tiou for the operator (f> as 

OL -j (IL 

Ca “0) 

, When the field equations are satisfied, we obtain for the variation of W- 


- ... -- i) 


( 10 ) 


PK)-/?’((r.,) ... ’(17) 

with the definition of F{(r) given by equation (15). We note that the principle 
of Stationary Action gives us the same form (7) of S as demanded by (piautum 
mechanics 

We shall nou' consider equation (15) in detail, since this is the ecpiation that 
gives the possible commutation relations and also the energy-momentum tensor. 
For this purpose we need to write the right hand side integral of equation (15) 
111 terms of the independeni variations of differenl quantities on the suilace cr 
Jiowevor, we note that once ttie value of on the surface is determined, the 
variations ^^(^o^) are not completely arbitrary, but their variations 

only in the normal direction are arbitrary, in order to separate the arbitrary 
increments corresponding to the surface we first define 


... (18) 

such that 

+ = 0, (??7tW^— — J). 


We may note that the normal to a .space-like surface is a time-like four-vector, 
and is exactly defined, with a displace-meiit normal to the surface, 

)ln - ^ 

y{dxQ)^-{dx)^ 

111 equation (18), indicates the differential operator in the tangential direction 
at any point of the surface o’, and similarly, indicates the normal (time-increas- 
ing) directional derivative at any point. We shall henceforward either take 
the Burfacee cr^ and o’, as plane sui faces, or, as will be sufficient for our purpose, 
as surfaces such that the tangential derivatives of the normal vanishes iipto a 
sufficiently large but finite order. Let us further introduce the notation for the 
partial teiigential derivative of the k-th order as 

(tindiceB ...(* times) ... (19) 

in addition to notation (10). Then, if the Lagrangian density contains upto the 
the JV^-th order partial derivatives of the field operator, we assume that 
... (%) =- 0 for 1 < < JV-1 

111 thete notations, of course, the zeroeth order partial derivative as usual is the 
unity operator. 
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To obtain commutatora, we shall also further take that 

apjn'oaohca zero sufficiently i-apidly for iiiffiiite spatial distances, so that, for any 
fp{x) on O', 

i <5<r[W*)(a'«')'-W)]<*o- = 0 ... (20) 

0- 

whenever ]c ^ N—\. 

Now, once we know on the surface o', (^00) determined, 

and hence only is arbitrary. Hence, we shall have to find out the 

coefficients of 0 ^ i: ^ N— 1, on the right hand side of equation 

(Ifi), these being independent variations on the surface 
Now, with u ^ N — 1 . 

1 + I incUcos)d„,^<«>...(ry„0)dfr^t 

a 

— I 'nnv\ (^^ + 1 uidices) to n factors {dQ<j>)dcrfi, 

O' ' ' 

+ (*) lerni8)d<V'-*>„ w^rx....«....(.'c)(5‘0‘)*W) 

-I n,,n,...n^p^..,{xW^r ... (21) 

Tn deducing equation (21) we have utiUsed the symmetry of The conse- 

cutive terms from the last backwards of this formula have been obtained by partial 
integration with the help of equation (20) mentioned earlier. 

Thus, in equation (16) wo have, collecting coefficients of (3 <®>)*(^q^) separately. 


N-l 

-IS iiwUoes) «*o’» 

•f «=o 

N-l n 

“= I ^ (-1)“ ^( 1 1 n,n^ ... {k toms) 
n n.=o k^d 

X ...a... (a;)(d<®>)*(5„0)do'^ 
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wY-l 

“lEi: (— ... [k terms) 

Jfc-^0 n. Jc 


jy 1 

-IS 


X;aO 


where 


A'-l 


= ^ (- ^)’‘ ( timeH)0, 

n^k 




-.(r) 


... ( 22 ) 


(23) 


Tlie are the fields conjugate to (5<®>)^'^ with 0 ^ A ^ I. When N 1 

such that we have only there is only one held conjugate to 0(a-). 

The fact that 7r^l'^>*‘J(a:') are conjugate fields (‘,an be obtained when we find 
the commutation relationships of these M'ith the field Operators foi’ 

spaco-like separation of the points x and .r'. To obtain these, we l equiro the varia- 
tion ^Q<^{x') on the surface and in its immediate neighbourhood (which detei'- 
luines (d‘“>)^(dQ^) — smface cr as arbitrary variations). Also, we 

take 8x,i — 0 so that displacement of the surface is not considered. Now, let 
any operator G suffer a change G-^ G-\-BG due to this variation. This change in 
the ojierator is also associated udth the change in the state-vector as we have seen 
previously. Thus we have, 

^ < C',o-lG|r,^> - - <^\(t\8G\I^'\(t > 

- (5 <r,tT|)(^ir,o'> -h <r,o'|(?(6'ir,'^ > ) 
-/<r,o-iL^(o-),(7|ir.o-> 

such that 

\G, F{(r)\~^iSG. ... ( 24 ) 

Hence, taking G — (d<“’) 0(.r), 0 ^ I, by equatioh (24) vac get, 

1(5'»')VW. - (25) 

where how we have 

m 

m-i 

= I ^V'’*'(*')«o((^'"”)V(*'))<^i.(*') (26) 

a(jB) J!;=0 

Avherc <t{x) is a spece-like surface passing througli a point x. Equations (25) and 
(26) are exphcitly iviitteu as 
JV-l 

^ I [(a(»i)V(!i^ 7r^l"’«(»')a,((a''»0W))]<*^»(*0 = «o((3'"0V('O (27) 

k.^0 i>l®) 
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III equation (27), we now take ^W) on the surface as nonzero only at 

very small neighbourhood of the point ir, and also that SQ({d'^^^)^(l}(x')) — 0 for 

k-^ 1. 

Then we obtain, 

{x-x^md^^^x)) .. ( 28 ) 

where (x- .r') is the surtaee (y-tiiiietion such that for any regular function 
/(;«') defined on the surface. 

"(J') 

It may be emphasized that this delta function originates since we are at liberty 
to lake arbitrary variations not equal to zeio only at a very small 

neighbourhood of the point .r. 

Let' IIS now take aibiirary where Ic /- I and )) 

- 0. Then we obtain, for k J- I 

l(fT"'V(j-). - (» , (:«>) 

Combining equations (28) and (30), we must have, for space-like separation of 
the points x anrl x\ 

!(d(‘»V(.^h 7ri«-^l,(x>;((fr<«»)¥(-*^'))l = <i^^*«^'''V(.r-.r')(5„({r7^«>)'0(^’)), (^11) 

wlieie 18 the Ki'oneckei* delta. 

At present w^c do not have any reason to say that the many commutators 
111 equalioii (31) aie consistcnl w'lth each other However, from the Acdioii 
Principle and basic ideas of quantum mechanics, the above commutators arc 
obtained, and only those fields for which they arc self-consistent should be taken. 
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X-RAY SMALL ANGLE MEASUREMENTS ON 1% 
SOLUTION OF HAEMOGLOBIN CORPUSCULAR 
PROTEIN 

T. RATHO 

Utkal Univicusitv, F. M. Oolleoe, HaijAHOUk 
(Received, i:}epteud)er 14, l!)o9) 

I NTRO D U (^T TON 

ABSTRACT. Hiiiall uiiglo Hcatteniig ilue (o 1% sulution of haaiiutglubui id 

0.85% .solution ol NaC'l hiis bt'on inveHtigated. It baa boon obsPivod that; tbo Hoatkning 
ourvo 111 the legion (lom (iOO A about 000 A is lairly bori/ontal showing the ahsonco ol 
iiilOi'iiai'tJCuUir lutpt'fcM'oiiriP and iiioleculai usHOciatiou 

A HauipJe of 1% Holiition of liaenioglobin in 0.85% solution of NaCl from 
Behring Works, CTorniany (Baudels’ product), was investigated with the lielp 
of the well-known small angle scattering camera of Prof. Kratky (1958) in order 
to find out whether any remarkable feature is observable in the mnermost portion 
of th(‘ scattering curve. In the c ase of interparticular iiiterfereiico this part of 
the curve will slope down, whereas in the case of molecular association the slope 
will be of the opposite nature. 


EXPERIMENT 

The experimental arrangement consisted of the well-known small angle 
scattering camera of Prof. Kratky fitted with a Geiger Muller counter tube together 
with the beam meaKuring apparatus of the firm Seimcns and Halske. The source 
of X-radiation was a standard Phillips miit with a tube of ijopper anticathode. 
Before proceeding with the measuroments on haemoglobin the Seiinens apparatus 
was tested for its stability by taking a standard solution of colloidal gold as the 
scatterer. The beam -intensity was kept constant by stabilising the primary 
voltage supplied to the X-ray unit. Keeping the deffratding angle constant 
the intensity of tlie scattered ray was measured by using a nickel filter. By 
registering 6000 impulses each time over consocutive intervals of time it was found 
that the experimental Ouctiiafion of intensity was in the neighbourhood of the 
statistical value 100/\/600() in percentage, thus proving the stability of the ap- 
paratus. The natural (iouiits due to cosmic rays were very much reduced by 
Hurroundiug the counter tube with a very thick cylinder of lead. In order to 
prove th'e accuracy of the u hole arrangement the full scattering curve of colloidal 

m 


2 
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gold in mandoJ oil was cibtained by the ftlter difference method. This curve 
was compared with the (surves, after reduction to proper scale, obtained by anti- 
(ioincideiice measureinents of M. Bishop and by photographic-photometer measure- 
ments, of I)r. Krntz, The superposition of the jater twt) curves with the one 
obtained in the present ])jocedurc showed very good agreement among them 
thus providing the accuracy of the adjustment. Measureniehl of the sample 
1% solution of haemoglobin in NaCl was now undertaken. The blind curve 
with 0.86% solution of INaCl in a mark capillary of 0.75 mm diameter was first 
obtained by using Co and Ni fillers. Then the same capillary w^as used as the 
container for 1 % solution of haemoglobin in 0.85 % solution of NaCl and the curve 
due to the sanijile was obtained. The difference-curve gives the scattering due 
lo the pure sample itself As haemoglobin is very sensitive all arrangements 
were made to keep the temperature of the sample constant throughout the mea- 
surements by using a good refrigerator for cooling the vhole ehambor. A fresh 
solution from Behrmg Works (Termany was thus exammerl. 

K K N r T 8 A N J) O I S ( ' T S S J () N 

The blind measiiroinents due to 0,85% solution of NaCl are given in Table 
I , and the eoiTesponding curve B is shown in figure 1 . Table II gives the measure- 
ments due to 1 % solution of haemoglobin in 0 85% solution of NaCl, the relative 
curve is marked as V in the above figure Curve D is the difference curve i.e., 
the scattering due to the protein molecules themselves. It is evident from figure 



1 that the difference curve runs horizontal from about 900 A to 600 A. The true 
nature of the scattering curve with low' (umceiitration is therefore purely due to 
'particle scattering aiul is in good agreement with the theory of Debye (1916). 
Thus there is no interparlicular mterferfenoe nor any molecular association. A 
very small rise in the scattering enn’^e -at about 1200 A is probably due lo small 



471 


X^Ray Small Anglt Measurement, etc. 

amounts of association. It isi tatter viiry difficult to ascertain the exact nature 
of the curve in the close vicinity of 1200 A (Kratky, 1958) as this is the lowest 
approachable limit of the improved types of cameras. Further measurements 
are necessary to clieck up the c.urve in this tcjjiou 

TABLE 1 

Blind measurements for 1% haemoglobin in 0.85% solution of NaCl. 



ni\inni) 

7 

/ 

in 

Ni-Co Filter 

441 

\ 16 

H37 

00(» 

0 03 

0 33 

371 

0.40 

027 

000 

1 03 

0.35 

301 

0 30 

loot) 

000 

1 . 12 

0 46 Ni 

3.1-2 

0 27 

210-2 

000 

2 40 

1 -24 

441 

1 10 

530 

000 

0.60 


371 

U,40 

01-2 

000 

68 


301 

0 30 

504 

000 

0 66 

Co 

352 

0.27 

1044 

000 

i 16 


.■)/iou 

mm, <s'i' 

10 Him 

S - 7/100 

mm (S" 

- K mm. 


rABLE n 

Sample, 1% Haemoglobin in 0,85% NaCl 



m{)ibnb) 

7 

t 

rii 

a.H. 

Ni-Co 

Remark* 

352 

0 27 

2. 104 

5200 

3.78 


2.21 


358 

0.33 

2 10^ 

8380 

2 30 


1 . IH 

Ni 

365 

0 40 

1 10 ‘ 

4566 

2 10 


J.OI 


361 

0.40 

1,5 v: 101 

3066 

3 78 



16/100 

375 

0..54 

1 101 

2703 

3.58 

2,071 

0 07 

F -- 0 570 

352 

0.27 

■2.10' 

12732 

1 . 57 



Co 

368 

U.33 

2.104 

16581 

1.21 




366 

0.40 

1 . KM 

H476 

1. IS 




361 

0.40 

1.5 X 104 

8602 

1 .76 



S - 16/100 

375 

0 .54 

1 10* 

6080 

1.64 

1 io 


F ^ 0.6701 


* FiltPC, Slit width, Keduotion factor (F). a.U. HfUu' rnduction. 

,S', ^ 5/JOO HUM S/ ^ 10 nini. S 7/100 min, S - 8 mm. iVJK.T). 
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m — — Zgo H- fi^/2 

m. is measured in mm. It is the height of the center of the counter window from 
the center of the direct beam. 

m — xf^jD 

a — distance of the film or the counter tube from the scatterer. 

X — wave length. 

D — Bragg’s value m A. 

- Height of the counter tube. 

— Zero i«)Hition of the counter tube i.e., the center of the primary beam. 
aV Wirlth of the slit of the counter window 

S' = Length of the slit ot the counter window. 

Sy - Width of the entrance slit. 

S\ — J^ength of the entrance slit 

/ Verschmicrtc intensity measured ui impulses, (Intensity not corrected for 
colliination error.) 


A (.! K N 0 W L \i D (J M E N 1' H 

0 

This work was ilone in the Institute of Physical Chemistry, University of 
Graz, Austria, under the guidance of Prof Dr. 0 Kratky to whom my sincere 
thanks are due 
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SPECTROSCOPIC CONSTANTS OF MOLECULES VII. 
RELATION BETWEEN FORCE CONSTANT AND 
EQUILIBRIUM INTERNUCLEAR DISTANCE 
FOR HYDRIDE DIATOMS 

YATENDRA PAL VARSHNl, SHASHANKA SHEKHAR MITRA* 4NI) 
RAMESH CHANDRA SHIIKLA 

Oktahtment ot I’hyhicb, Aja. MiAUAjj University, Allyhabaj) 

Mr// Ifi, 

ABS'I'RAC'r For hydndi* iIihIoiiih n lohition botwooii the tom* conataJit and 
equjlilmnin uitornucloii]' distunre ?> lias been Hiigf?eslcd : "dioro C a constant, 

dependmpf on the typo of tbo Imkago. The validity of the relation foi ffi-ound and excited 
states o1 various hydride duitoiiLs lins been exaimnod 

I N T K 0 1) 1) C T 1 0 K 

li is well known that in a pariinilar molecule the forte constant anti the 
inlernuclear diatauce vary in an inverse fashion, and niiniorous relations have 
been suggested connecting the two TIecently Varahm (1958) has given a brief 
survey of the different relations (see also Baughan, 1957) In the ineseiit paper 
wo will inveatigale a foi'inula connecting and lor all states (grt)und as well as 
excited) of the various hydride diatoms. 

Hydride diatoms differ somewhat from other diatoms m the fact that they 
.show regular variation in properties, not only in a molecular group, but also in 
IS molecular period (Clark 1936, Clark and Stoves 1936, Berriman and Clark 
1938, Clark I95()a,b, Sheline 1950) The same is true for deiitorides (Clark 1949, 


TABLB I 


Nomonclaturc 

Diatoms covered 

k<r 

HH, la-IT, Ib-JT 

(tiT 

ChH, SrM, Ba^ 

piT 

BeH. MgK, ZnH, CdH HrH. 31) -H 

pw 

4b-H, 5b-B, 6b -H, 7b-H 


MnH, etc. 

8~H 

CoJI, NiH, otc. 


+ lyow at Division of Pure Uhemisti-y, National Research Council, Ottawa. Canada, 
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19601)). Olark (1936) Kan ela.sHi6ed hydride diatomia aud diatom iom according 
to the tyjje of linkage. As we will make use of his classilication, wo summarize 
it in Tables I (neutral hydrides) and II (ionized hydrides). 


TABLE II 


■Nojiu'milatuir 

S<T 

pa 

pir 


DiatoiiiH covorwrl 
HpH+. ZnH+, 

3b~H+, 4h-Jf ■ 

.-.b-H+, 6b-JH:+, 7IJ-H ' 


Clark’s classification of MiiH is uncertain, and he has not classified OoK aiul 
NiH. We have ])ut the last two together. 

The various relations which have been proposed hetweon ICf and «« have been 
given by Herzberg (1950) and Varslmi (1955,1968) Here wc (juole only a few 
of them, which have been applied on sufficient number of hydrides. 

Badger (1934) : 

Ki^’e dij'f - const . . (1) 

where rfy is a constant flepending on molecular period. 

Clark (1936) . 

— k — k' ... ( 2 ) 

where n is the group number, equal to the total number of valency electrons of 
the atoms concerned (e.g. 2 for //g, 5 for CH etc.), and [k ~ k!) is a constant. 

Allen and Longair (1935) : 

r= const. ... (3) 

where the constant is assumed to be the same for all molecules of a moleimlar 
period. 

Huggins (1936, 1936) . 

r, (2.303 log (7)/« ... (4) 

where C = 5.86xl0~*/^«g®/((i*— rwi/) 

a' (2.0626rt*-|-0.7164/4We3Je)'^-l‘75a 

Clark and Stoves (1939) have compared the above four equations. Then- 
calculations of Te by various formulae on about 50 .states of hydride diatoms and 
diatom ions showed that Clark’s formula gives the best results. 

N K W F O Ji M U L A 

Birge (1925) and Mecke (1925) have observed that for the different electronic 
states of one and the same molecule, the following relation holds : 

— const. ... (6) 
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It has been touiicl that a modificatioii of this relation (!au be suoeesstully 


used for hydritle diatoms and diatom ions for ground as well as excited states. 

The modified relaiion is 

- C — constant (b) 

The constant iloj)endK on the type of binding and the molecular period 
to which that diatom in tpieslioii belongs 

'rhe values of C, for neutral diatoms (when is m lO'^ dynos/jjm. and f,, in 
Angstroms), for different type.s of binding as classified by (Mark (193()), have been 
given in liable ITT. 

M'ABLK 111 



'I'ypo of bind 111 



p(T p^TT dtr In-H N H 

HH 

2 03 


IviT 

(> 034 

7 2 li.S 

LJH 

0 01 

111 18 .7 

MH 

u.rni 

ITi 1 11.08 11 08.7 

MH 

!l (1 

10 4 10 4.7 

Nfl 

10.10 

IS 7 

NH 

12 1 

12 7 20 70 

OH 

IS OS 

20 4 

OH 

14 0 

13 4 17.1 

Values of the constant 

(' for ionized hydrides have been tabulated in Table 

rv 





TABLE IV 


JWd 

Typo of bindiiifi 



na pa pir 


HH' 

t . 073 


KH^ 

7 80 «.7r) .7.406 


LH^ 

11 0.7 10,. 72 10 OS 


MHH 

10.3 


NH^ 

12 7 


(>H' 

14.2 


Clark’s equation was tested by Clark and ytoves (1939) by using the mole- 
cular constants then available. Some of these values have changed, in some 
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cahjes appreciably, with improved determ illation h in recent years. Hence to 
see tile relative merits of onr equation and that of Clark, i1 was necessary to re- 
deteinime the constant m Clark’s equation. The new values of {k~¥) are shown 
in ’fables V and VT. 

The ctinstants ‘(V and (k — k') were determined as follovrs 

Hcpiation (b) — In niosi of the cases, constant (' was determined by taking 
the mean value of kj^^ of the states of a particular type of binding (in some cases 
the 4th significant figure has been rounded u]>)‘ But states showing abnormal 
value of /cp?’/ w ere left out. viz., one state in each of LiH, NaH, KH, ItbH, CsH, 
CaH, SrH, and CH ' . 

Clark's equation (2) — The constant {k~h‘) was also determined by taking 
the mean of of the states of a partiiuilar type of binding, except the 

following cases -ground state of Hjj, 1 excited state in each of alkali hydrides, 
CaH and SrH. This point is discussed more fully later on 

Numerical results by the two eijiiations have been reported in Tables VII and 
VJll where only one state was available for determining the constant, “(salculatod 
Tf has been omitletl. Uncertain values are enclosed in parentheses. Per- 
centage errors in brackets have not been taken into account for calculating average 
percentage errors. 

K B S IT L T S 

All data have been taken from Herzberg (1950). Data in square brackets 
-refer to the lowest vibrational level, or the two lowest, or three lowest. Usually 
we have not considered such states, tabulated by Herzberg, for which the constants 
appear to be too much uncertain. 

TABLK V 

Constant {k—k') for neutral hydride diatoms 
(lOg ill cm~' and tg in A.) 


Period 

«CT 


Typo of binding 



p(T 

piT 

da 

la-H 

8-H 

HH 

.3S99 






KH 

H066 

R636 

8952 




LH 

11139 

13756 

1 7005 




MH 

15740 



17419 

21867 

19689 

MH 

sa49 

11346 

21188 




NH 

17569 



20426 



NH 

10460 

156H3 

26957 




OH 

19.540 



22757 



(5H 

11297 

15994 

23768 
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TABLE VI 


Coiistaiii {k—k') for hydride diatom ions 


F*f)i'io( 1 

Typ® of binding 


S(T 

2)(t 

2)*rr 

HIT' 

27a(i 



K.H‘ 

789« 


78KG 

LH' 

1 1840 

1 1847 

16420 

MH' 

on70 



NH' 

11557 



ojr^ 

11^77 




TABLE Vn 
Hydride DiatoTHs 


Efj ((>) This ])ai)oi C^latk eqn. 


Pc- 

IllcliUlIl 






— 



— 



— 

noil 

.ilul 

Sl.itc 



r 

e 


0/ 

/( 



r,' 

/u 


type 


u,. 

/•f 

obn. 

calf. 

lOij'Oi’ 


nlc 

lOvrof 

IfH 

•L- 

„ " 

(j:m) 

(1 .025) 

(1 

072) 

1 057 

- 1 

41 


050 

-1.49 


HIT 

H 

2:uj 

l.GOl 

1 

057 

1 001 

1 0 

38 


05!) 

10 19 



/,' 


1 020 

1 

007 

1 . 068 

— 0. 

84 


057 

-0 94 



h 

2:106.2 

1 . 702 


046 

1.046 

0 



048 

-fO 29 



(I 

2:171. t) 

i . 00!) 


060 

] .061 

-1-0. 

09 


052 

1-0.19 



C 

2I05.S 

1 .431 

1 

107 

1 .091 

~] 

44 


079 

-2.53 



ft 

2GG4 K 

2.107 

0 

0887 

0 0908 

1 0 

21 


012 

1 2.30 



f 

21 (1.6.0 

1 . 8O:) 

1 

038 

1 .030 

— 0 

77 


038 

0 



J) 

2:1 26 I 

1 .004 

1 

034 

l.OOO 

1-2 

61 


059 

-1-2 42 



J 

1 22201 

Li.46:i| 

(1 

077) 

1 .085 

I 0 

74 


076 

-0.19 



1 

2206.2 

1 ..62.3 


000 

1 .074 

! 1 

:i2 


008 

1 0.75 



a; 

2688 0 

J .yso 


012 

1 006 

— 0 

09 


021 

-1 0 89 



(t 

2442.7 

1 .771 

1 

0:1:1 

1 . 036 

1 0 

1!) 


041 

-10 77 



1! 

i;i60.') 

0 6407 

1 

20:1 

1 388 

1 V 

35 


207 

-2.01 



A 

i:i06.2 

6 7:ir> 

0 

7417 

0 771:1 

i 3. 

!)9 

0 

850 

1-16.4 1) 

KH 

LiH 

.-1 

"2:11 II 

0 02851 

2 

6!Mi 

3 . !)0(» 

1-50 

40) 

2 

898 

1 11 03) 


HIT 

A 

N06 G6 

1 02.6 

1 

695 








ill'll 

0 

|2i:i:i i| 

|2.4;io| 

M 

:i2i| 

1.31 2 

-0 

08 


.327 

1 0.45 


I'O 

J 

2087 7 

2 :ii7 


.333 

1.327 

-0 

46 


, 337 

1 0.30 



A' 

20.68 (j 

2 202 

I 

343 

1 . 330 

0 

.62 


34.3 

0 


IlH 

H 

(2400) 

0 1.32) 

1 

215 

1 231 

i 1 

32 


.210 

1 0 08 


pir 

1 

(2:l44) 

(2 087) 

1 

220 

1 240 

1 1. 

03 


.220 

0 


A 

(2;JGG) 

(.3 045) 

1 

232 

1 240 

-.1- 0 

65 


222 

0.81 


CH 

r 

2824, 1 

4 :ioo 


,113 

1 . 1 17 

- 0 

30 


. 12.3 

1 0.90 


pTT 














/i 

2612.6 

:i 6.30 

1 

1 80 

1 178 

-0 

07 


. 1 03 

1 .94 



1 

2021 0 

4 072 

1 

103 

1 008 

- 0 

45 


124 

1 1 90 



A 

2HGI G 

4 486 

1 

120 

1 . 1 10 

0 

89 


. 1 19 

0 09 


Nil 

r 

20 1 2 

3.777 

|i 

1251 

1 168 

1-2 

.93 


.119 

- 0 5.3 


p-TT 

1 

(:i:ioo) 

(0 0.30) 


037 

1 .030 

-0 

07 


035 

-0 19 



,, 

1 ;i 1 so 1 

|6 OJOl 

1 1 

044 1 

1 049 

-1 G 

.48 


.047 

] 0.29 



A 

(3;joo) 

(0.o:io) 

J 

.0.38 

1 .030 

-0 

.77 


. 036 

-0.29 


Oil 

J 

:n8o (1 

5 . 048 

J 

.0121 

1 . 047 

H 3 

40 


021 

H-0 88 



A 

:)7;i.6.2 

7 791 

0 

0700 

0.9GG6 

-0 

42 

0 

9070 

-0.31 


Wv 

X 

4i:is.5 

0 054 

0 

.0171 

0.9171 

-0 

1 1 

0 

.9146 

-0.28 


p'TT 













cl 
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(TABLE VII (contd.) 


Eq. (6) This ]mper Olark eqn. 
1^)- Diatuin rc 


not! 

and 

iSt-ato 

u,. 

Ir 

libs. 

re 

% 

re 

•V 


typo 





calc 

EiT03‘ 

calc. 

Jilrror 

LLl 

NaH 


310.(1 

0 05487 

3 . 208 

3.664 

( j-14.22) 

2.938 

(-8.42) 


f?cr 

X 

1172.2 

0.7816 

1.887 



• 

MgH 

D 

(1620) 

(1 495) 

L1.664J 

1 .662 

-0.12 

1 690 

-i-2.10 


)ur 

a 

1 740 

1 724 

1 . 682 

1 003 

-4 70 

1 650 

-1.37 


A 

1611.3 

1 479 

1 . 679 

1 666 

-0.77 

1.702 

+ 1.37 



X 

1405 7 

1.275 

1.731 

1 729 

-0 12 

1 744 

+ 0.75 


AIH 

() 

1575 3 

1.420 

1 613 

1.683 

] 4 34 

1 . 6.34 

-1- 1 . 30 


per 

b 

(16S3) 

(1 631) 

[1 602] 

1.626 

1-1 50 

1 . 509 

-0 10 




(16SS) 

(1 631) 

[1.600] 

1 . 626 

1-1.06 

1 .597 

-0.75 



X 

1682 6 

1 620 

1 646 

1 628 

-1 00 

1 509 

-2.86 


i^iil 

X 

(2080) 

(2.470) 

1 .520 

1 ,528 

J 0.53 

1 541 

-) 1 38 


pTT 










PH 

X 

(2380) 

(3 257) 

1 1 . 433 ) 

J .427 

0 24 

1 . 429 

— 0.28 


]T7r 










OlH 

X 

2980 7 

5 157 

1 .275 

1 272 

0 24 

1 . 262 

-1.02 


p-TT 










KIl 

A 

251 0 

0.03646 

3 61 

J 47i) 

(-1-23 82) 

3.530 

(. 1.07) 


Htr 

X 

085.0 

0 5744 

2.244 




l’»iH 

a 

1444 

1 208 

11 802] 

1 880 

0.(»3 

1 010 

1 0 95 


(la- 

1) 

1 1 40 

0.7617 

2.62 

2 109 

(-10 4(3) 

2 061 

(-21 3) 



ic 

1248,() 

0 0026 

] 2.000] 

2.023 

1 1.15 

2 004 

1 0.2 



ji 

1 285 

0 95(.l 

1 054 

1 003 

1 2.00 

1 985 

1-1 50 



A 

1 333 

1 029 

1 . 00 

J .957 

1 . 66 

1.961 

--1 4() 



X 

1290 

0.9774 

2.002 

1 083 

- 0.05 

1.07S 

-1 20 


Mri,H 

X 

[1490.6] 

]1 .295J 

1.731 






7a.IJ 










OoH 

X 

(1890) 

(2.085) 

11.. 543] 

1 517 

- 1 . 60 

1 514 

-1 88 


S-H 










NiH 

X 

[ 1026.6] 

]2 1661 

1.475 

1 .502 

j 1 83 

1 . 505 

-I 2 03 


S-H 








in’ll 

(hilf 

1> 

]1803 OJ 

ll.OOlj 

1.482 

1 .510 

-{-1.80 

1 511 

1-2 16 


sa 

B 

11562. 3 1 

1 1 . 308 1 

1.607 

1 650 

f3 21 

1 . 588 

-1 18 



A 

I60S 4 

1 686 

1 572 

1 557 

- 0 . 05 

1 545 

-1.72 



X 

1940.4 

2 200 

1.463 

1 456 

-0 48 

1 477 

j 0 06 


ZiiH 

A 

1010.2 

2 132 

1 511 

1.48(> 

1.65 

1 508 

- 11.20 


po- 

X 

1607 6 

1.510 

1 . 504 

1 620 

] I 63 

1 507 

1 0 10 


TlJJ^ 

X 

2640 . 7 

4 115 

1 414 






pTT 









NH 

KliH 

A 

244.6 

0 03512 

3.708 

4.631 

(-1-24. SO) 

_3 . 703 

(-0.14) 


BO- 

X 

036 77 

0 5148 

2.367 






SiJi 

C 

1 347 

1 . 065 

2.054 

2.046 

0.30 

2 061 

1-0.34 


dcr 

D 

1014. 1 

0,6034 

2 964 

2.. 350 

(- 20.42) 

2.266 

(-23.55) 



X 

1206 2 

0 8535 

2 1455 

2.163 

] 0.84 

2 138 

-0 35 


AfrW 

A 

1663 () 

1 .628 

1.641 

1.651 

[0.61 

1 .644 

1-0. 18 


SfJ 

X 

1760 0 

1 , 822 

1 .617 

1.605 

-0.74 

1 614 

-0.10 


( IflH 

A 

1758 1 

1 .810 

1.663 

1.626 

- 2.22 

1.727 

1-3.85 


per 

X 

1430 7 

1 . 204 

J .762 

1 .802 

-]-2.27 

1 . 850 

f4.00 


InW 

B 

1401 

1 308 

1.761 

1 765 

-1-0.23 

1.730 

- 1 . 25 


j)(r 

A 

1458 -1 

1 262 

1.773 

1 . 784 

1-0.62 

1.752 

-1.18 


X 

1474 7 

1 . 280 

1.838 

1.774 

-3 48 

1 745 

-5.06 


IK 

X 

2300 5 

3,141 

1 . 604 
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TABLE Vll (contd.) 


Pe- Diatom 





Eq. (6) This paper 

Clark eqn. 

T'iod and 

State 

bi,, 

/> 


I't- 

% 


% 

type 




oba. 

rale. 

El i or 

ealc. 

Error 

OH CsH 

A 

204.0 

0.02451 

3 800 

5,212 

( -1-34 71) 

4.07(1 

(-1-5.35) 

Sff 

X 

800 7 

0 4073 

2.494 





J3aH 

a 

1323 

1 031 

2 18 

2.100 

-3 21 

2 149 

-1.42 

da 

K 

1231 

0 8028 

2 198 

2 186 

-0.66 

2.202 

-1-0.18 


B 

1088 

0 6077 

2 271 

2 326 

-1-2 42 

2.294 

-1-1.01 


X 

1172 

0 8097 

2 232 

2 241 

-1 0 40 

2,238 

1-0.27 

OH AuH 

A 

1000. fj 

1.046 

1.073 

1.735 

1-3.71 

1.085 

1-0.72 

SCT 

X 

230n.0 

3.136 

1 524 

1.477 

3 08 

1.513 

-0.72 

HkH 

A 

2065.8 

2 522 

1.580 

1.518 

-4.29 

1.647 

1 3.85 

per 

X 

1387.00 

1 137 

1 740 

1 . 853 

J-6..50 

1.881 

-1-8.10 

TIH 

C 

1 1260.51 

[0.9510] 

1.944 

1 936 

-0.41 

1.847 

-4.99 

p<T 

X 

1300 7 

1 142 

1.877 

1 851 

-1.39 

1.792 

-4.53 

J’lai 

X 

1564.1 

1 444 

1 830 

1.855 

+ 0 87 

1 . 894 

-j-2.99 

pTT 









J3iH 

a 

[1313.01 

11.019] 

1.00 

2.024 

1 3 06 

1 947 

--0.66 

P'^r 

B 

(1728) 

(1 703) 

1 780 

1.705 

0 84 

1 777 

-0 17 


A 

1730.4 

1.7R6 

1.788 

J 750 

-1.02 

1 774 

-0.78 


X 

1098.0 

1 . 700 

1.809 

1 770 

-J 00 

1,788 

-1 16 





Average 

-1-1.48 


1.29 




TABLE VII] 








Hydride diatom — 

ions 









Eq. (B) 

Clarlt eqn. 

Po- Dialom 






... 

- — , 


riod and 

Statf' 


h 

’(>■ 

Tf 

0/ 

re 

% 

tyjie 




obs 

calo. 

Error 

calo. 

Error 

HH* HH+ 

A 

2207 

1 563 

1 060 





fia 









KH+ BeH^ 

A 

1470 1 

1 163 

1 600 

J 600 

0 

1,558 

-3.17 

Na 

X 

2221 7 

2.636 

1.312 

J 31 J 

-0 08 

1.360 

-1-3.66 

BH' 

A 

(2235) 

(2 717) 

1.250 

1.255 

-0.08 

1 248 

-0.64 

pa 

X 

(2435) 

(3.226) 

1.215 

1.203 

-0.90 

1 213 

-0.16 

CH' 

A 

1850.0 

1.870 

1 ,234 

1.377 

(-fll.59) 

1 267 

-f2.67 

pa 

X 

12739 5] 

|4.mi 

1.131 

1 131 

0 

1,112 

-1 68 

OH' 

X 

[2955] 

4.875 

1 020 





pTT 









MgH-^ 

A 

1132,7 

0 731 

2.006 

2.011 

4 0.26 

1.948 

-2.89 

fitr 

X 

1606.3 

1.638 

1.649 

1.643 

-0 36 

1.703 

-f3.27 

A1H+ 

A 

(1753) 

(1.758) 

1 591 

1.564 

- 1.70 

1 574 

-1.07 

pa 

X 

(1610) 

(1 483) 

1 602 

1.632 

j 1.87 

1.620 

-1 1.12 

C1H+ 

A 

1605 8 

1.488 

1 514 

1.613 

+ 6 54 

1 537 

-1 1.52 

p-rr 

X 

2675 4 

4.130 

1.316 

1 250 

-4 94 

1.296 

-1.44 

MH+ ZnH" 

A 

1365 

1.089 

1.716 

1.754 

-1-2.21 

1.706 

-0.58 

BO- 

X 

1016 

2 146 

1.514 

1 480 

-2.25 

1 523 

-1-0.69 

NH" CdH+ 

A 

1262 

0.9223 

1.865 

1.927 

+ 3.32 

1.869 

-1-0.21 

aa 

X 

1776 

1.855 

1.667 

1 617 

-3. 00 

1 664 

-0.18 

OH+ HgH+ 

A 

1621.0 

1 552 

1 092 

1 .739 

+ 2.78 

1.700 

4-0.83 


X 

2033.0 

2.442 

1.594 

1.552 

-2.03 

1.581 

-0.82 


Averago ;K 1 • 1 . 47 
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n T s (111 s s r o jsi 

E(j|Ufttioji fl — Wfu'ii tlie values are ealeiiJated aceurdiiig to equation (i, it will 
be oliserved tliat, (‘X(“(^pt the eight ea,H(\s Avher4‘ the poi’ceiitage errors are large? 
(>0)%) (cMTors shown in ])aiontheses), the agreement between the ealoulatod and 
the observed values is quite satisfaetory The mean pereentago error for SO 
states of neutral diatoms is 1 48 and that for 17 states of ionized diatoms 1.04, 
But when they are ealculaied according to (!51ark equation (2) the results 
ai'C slightly better than our ccjuation The mean percentage error for 79 states of 
neutral diatoms is 1.29 and that for IS states of ionizetl diatoms 1.47 , En’ors 
enclosed in brackets have not. been taken into account for- calculating the mean 
percentage errors. 




TABLE 

IX 




Formula 

No of 
nouiral 
diatom 
sl.atps 

Avorape 

%> 

(M’roi 

No of 
diatom 
ion 

staf^'H 

Avorapp 

% 

uri or 

Total 
no of 
st.nt('.s 

Avorage 

o/ 

/o 

orror 

JSquatioii (i (ProHonl. 
work) 

SO 

1 48 

J7 

1.94 

97 

. 5(1 

C^lark oqn. 2 

79 

J 29 

J8 

1.17 

97 

1 . 33 

Fi'oiii Clark and Sinvos’ 
])apoi . 







Allou-Longaii 

41 

4 41 

1 1 

() 24 

rij 

4 79 

Hadgor 

41 

3 37 

11 

1 .^3 

52 

3.01 

Huggirih 

41 

2 60 

1 J 

2 36 

52 

2 55 

Clarlt 

.S9 

1 17 

1(1 

1 4S 

49 

1 23 


The percentage errors by the two equations are summarized in Table TX. 
To give some idea of the results by other equations, average percentage errors 
for the different equations as calculated from the results given in Clark and Stoves 
(1939) paper are also given in Table TX Their results on deuterides and excited 
states of alkali hydrides were left out. It may be emphasised that those results 
refer to the molecular constants then available. 

Force constants of corresponding states of isotoiiic molecules are same and 
the internuclear distances are also almost the same (rp for hydrides and coitcs- 
ponding deuterides i-arely differ by more than 0.001 A) Hence formula (6) 
will bo equally applicable to isotopic molecules like deuterides. 

The cases for which large percentage errors have been found are mteresting. 
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Alkali liydiideH — For tlio wake of miiformity tho valuer ol' coustautB iji both 
equations \^’ere foiiiul from the ground state only. The percentage errors for fho 
excited states are slunvii in Table X. 

TABLJi: X 


Dintom 

State 

‘’4, orror 

Eq. (6) 

% ori’oi 
(Jlark oqii. 

LiTT 

A 

1 50 46 

-1 IJ 63 

NTaTT 

A 

1 14 22 

— 8.42 

KH 

A 

! 23.82 

- 1.97 

RUT 

A 

-f24 8‘) 

- 0.14 

(l.sR 

A 

H 34.71 

-1 5 35 

(JaH 

I) 

-19.46 

-21.34 

Sill 

D 

-20 42 

-23.55 


11 is knownili at all the five excited slates of alkali hydrides are abnormal in 
that their is negative. The coincidenee that equation (6) gives un Lforinl 
high positive errors for them is of some significance 

CaH and SrH — Both C and D states of these are known to show strong 
perturbations. Both the equations give high negative errors for state D (Table X) 
of each. Corrosjioiiding state of BaH has not boon observed. Tt may bo that when 
this state is observed, it may also show iiertiirbations. 

One state of CH+ gives large error by eq. (6) and so is the case for the ground 
state of TT„ by Clark equation. 

ITiiially, from these and the previous results it may bc^ conehuled that 
Clark equation still retains its best merit with eipiation (h) giving a much closer 
approach to it than others 

A r K N O W \i (t ]\1 K NTH 
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STUDIES ON THE MAGNETIC SUSCEPTIBILITY OF 
SOME V»+ ALUMS AND Ti’+ CAESIUM ALUM IN 
THE RANGE 300"IC TO lOO'-K 

S. K. DUTTA-UOY, A. S. CHAKKAVARTY AND A. BOSE • 

Indian Ahmoc^j \tion i'ok ruifi (hjLTiVATioN of vSt'iisNfK, Caja litta-SJ 
{Revetoed, Orlohn 3J, lOntI) 

ABSTRACT T'ho ])dpoi doacriboH tlio doiaila ol tho cliflioult pj'ooi'ss til' lai’RO 

single crystals ol four alums ol Va+ aud one o( atul the iiieiisiireniciits of thoir inagnotic 
auHcoptibihty m the range 300'^ to iOU'^'K All ilio salts are ajijiarently (ount) lo obey Curio 
law very well Jlut a tliooretical analysis of tho data on inodern linos shows that/ in all the 
salts variations ol tho efloeti\'o mean luomont stpiaio Pf^ with temjioiaturo are to bo oxpeetod 
owing to (1) chango in tho tiigoual crystallino splitting with l.emperal urt' and (2) ohimgo in 
tho BoltAinmin distribution of tho population oJ tho different elow* lying levels with toiU]ioui- 
tiiro. Kvidontly, tho variations in the liquid air rangt' are not siiffii-ient to jii’oduee a devia- 
tion from hnearily of Rf'i -T eiirves, though deviations lu their slopes against T uiis us also 
tho iiil/eroe|jts with Pf- axis from tho theorotioal expectations aic obsorvod. In Tp'i' thi' 
ehaugo in erystallme field with ioiiiporatiue is oonsidorable at vi’iy low loniporaturos. In 

alums there is also an ap])iuciable change m oiystalliiie fields from one salt l/o another. 

1 . INTRODUCTION 

In an earlier paper, one of ns (Dutia-Koy, 1950) has diseussed the dependenee 
of the cryHialline eleetriu lields oji the change in structure, in a large number of 
0?*''*+ alums. It was found that the moan susceptibility at room temperature 
changed quite appreciably from one class of alum to another and in a given alum 
with temperature owing to a phase change of some sort taking pi act'. 

The isomoi'phous and alums arc expected to behave m a much 
more complicated way than the Cr“' alums, since in both the former cases triplet 
orbital states he lowest in the (uystalline Stark pattern as against a singlet for 
As such, in the former the additional induced distortion of tho Jahn-Tellcr 
cluster arising Irom distant atoms should be of about the same importance as the 
primary Jahn-Teller distortion itself, in producing the anisotropy of the clustei* 
(Van Vlcck, 1939) whereas, in the effect of tho distant atoms is jn-actically 
tho only one. 

In tho present jiapcr wo have moasiir(«l very acciu’ately the mean suscopti- 
hilities of four alums eonlainiug the. alkali cations NHi^, Rli'', TI+ and Os' 
aud the Cb+ alum of Ti“ ' , all with 804 ““ as acid radicals, with the help of the i-e- 
linod techniques of magnetic measurements described lu details in an earlier paper 

483 
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(i)ut-ta-Hay, 1955 ; also Thesis 1958). Only a suinniary of the main points of 
lutc ^ Ht ill the exporinieiiis are given here and also the details of the rather 
diffieult technique of preparation of the salts. 

■2, METHOD OE P K E i* A K A T I () N OK THE ALUMS 

{a) aluma. A solution of VgOSOjlg m water when exposed to air 

is very easily oxidised to vanadyl sulphate, so that the usual method of crystal- 
lisation, by evaporation of aqueous solutions of ecpiimolecular proportions of 
eoinponcnt salts in air. cannot be adopted. i5vnMi the product sold in bottles as 
vanadie sulphate really consists nearly entirely of vanadyl sulphate. Hence, 
we have adopted the electrolytic method for reduemg ' to in aii electro- 
lytic cell modified to suit our requirements The electrolytic cell consisting of 
a 250 c.c. pyrex beaker is divided into an inner anode and an outer cathode 
chamber by a small uuglazed imroelain pot passing through a stopper closing 
the mouth of the beaker. A platinum strip about 0cni.x2cm. and a closely 
wound platinum sjiiral of J mm. diam wire, I cm. spiial diameter and 0 cm. 
length are used as cathode anti anode resjieetivcly. A continuous stream of 
CO.^ is circulated m the cathode chamber throughout the entire operations fol- 
lowing. The anode chamher eontains dilute (109 e c of water and 25 e.c. 

of 50% acid) and th(‘ calhode chamber eontains a nearly saturated solution of 
etpiimoleeidar prtqiortion of vanadyl sulphate and an alkali siilxdiate 
lib, T1 or (;S as the cas(‘ may be) very carefully pveiiarcd in oxygen free walin’, 
filtered and acidulated with ahout I e.c. of dilute (same slrengih as above). 

-The electrolytic cell is kept inside an ice bath and during the whole oxieration the 
tcnqierature is never allowed to rise above 5°C. About 0 4 amxrs. of current taken 
from a 0 volt storage coll is pa.ssed tlnough fhe eelL 

Soon retldish violet tuystaJs of the alum as observed in transinitted light, 
axqiear in Hie tiatliode chamber, and after about 4 hoiiis of (qieration sufficieiif. 
quantity of mieroerysfals for our jnirpose is depo.sited, Tbesc ai e removed from 
flu; solution and washed wdth ice-cold atictoue. The crystals are rlrietl and then 
di.ssolvcd in oxygen free cold wafer at about lO^'C, just below saturation. The 
solufion is transferred to two oi' three sinal) tdean crystal liziiig dishes and allowed 
to ciystalli/e in a desiceator tilled with CO^ using eoiie. H 28 O 4 as desiccant, XJhieed 
ill a vibration free iee-liox in wdiich the temiicrature is maintained at about 5"C. 
After about 24 hours a few’ large (5 nun across) ivell developed octahedral single 
crystals of the alum may be jiicked u]) from the solution The crystals ai-e washed 
with ice cold acetout; and after drying dipped in a dilute solution of collodion for 
lirob'ctioii. The crystals are tested under polarizing miej'osco])e and immediately 
used for magnetic measureinents in the c.iyostat. It is noted that llie NJl^ 
and Tl alum crystals show a tendeney to melt in their wuiter of crystal lizatioii 
near room temiicrature and also of decomposing tjoiniiaratively quickly, and hence 
the eollodion coating and quick action in nicasui’emeiits are essential near this 
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temperature. The Rh and Cs salts arc much more stable and can be preserved 
hi COg atmosphere even at room temperatures and without coating for a few 
months. The e.rystals can be preserved indefinitely in scaled tubes containing 
COg in a refrigerator. With due xirecautions no change in the crystals have been 
observed in the course of several hours, which are needed to finish a series ol 
magnetic measurements, as shoAm by the reproducibility of the curves for the 
data with falling and rising temperatures. 

(1)) alu 7 m. We could prepare only one of these, namely, the titanium 

caesium sulphate alum. Foi' the preparation of this alum, the basic material 
required is titanic acid hyflrale, which is prepared by Yjrecipitation from a solution 
of TiCJ4 in dilute ROl with NH4OU. The precipitate of Ti(OH)4 is carefully 
Avashod several times with warm water to ensure complete removal of NH4CI. 
The pre,cij)itate is then hcaliul to about SO"C and dried in a vacuum desiccator 
and a Aveighcd (juantity of it is dissolved m (4N).H2S04. The reduction of li^‘ 
to Ti** I IS done, in an eleotroljdic cell as in the case of ' alums in COg atmosphere, 
using a cuiTcnt of 0.2 amperes for about 12 hours, keeping the temperature at 
about 0''’(j with a low salt coiitent freezing mixture. The complete reduction is 
maj'ked by tJie change of the colourless solution to violet and also a rapid fall in 
the cell current. 

Ihe alum is pi epared by adding ecpiimolccular proportion of CS3SO4 to the 
reduced solution. A slow' (nirrent of OOg is passed through the solution to 
prevent oxidation. The alum is then precipitated from the solution with ice-cold 
ac^etone and filtered in a suction filtei'. The precipitate is next boiled in dilute 
-HgiSO^ (100 cc of water in 25 e.e. of 20% HgSOJ m COg atmosphere. The 
])recipitate is thus dissolved and COg bubbled through solution till the solution 
is clear violet. The, solution is then transferred back to the electrolytic cell and 
a small current is passed for 2 to 3 hours to ensure complete reduction in ease 
some titanyl salt had been formed during previous operations. The solution is 
then transConed to a flat bottom conical flask and 00., bubbled through it for a 
little while. The flask is then put in a OO.g filled desiccator with cone. H2SO4 
{iH desiccant and the Avliolc put away m the ice box for crystallisation. After 
about 4S hours small shining deeji violet cryntals of the alum appear at the bottom 
The bigger crystals about 3nim. across are picked out, washed Avith acetone, coated 
Avdth a thin layer of collodion and arc immediately used for magnetic measure- 
ments. The time required for a complete low temperature run for magnetic 
nieasuremenls did not decompose the crystals appreciably, as shown by the rever- 
sibility and reproducibility of the data curve 

S A SUMMAKY OK K X P E K 1 M Ji N T A L TECHNIQUES 

poll SUSCEi'THULCTY^ MEARUKEMENT 

' A modified form of Curie balance, consisting of a light thin horizontal glass 
tube suspended near the middle with a fine vertical quartz fibre attached at the 

4 
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upper end to a graduated vernier torsion head (reading to 0.1 is used to balance 
tlie horizontal magnetic translational force on the specimen, attached to one end 
of the balance arm. The electromagnet is turned on its side so that the pole 
pieces are horizontal and one above the other. The pole-gap is shaped, following 
Sucksraith (1939), with about 6° inclination in the central one-third portion of 
the pole-pieces, while the remaining two-thirds, one portion on either end, are 
parallel, giving a vertical field in the central region and a horizontal gradient 
along the length of the jiolc-piecos. The balance arm with the specimen goes 
into the central r egion at right angles to the length of the pole-pieces (Dutta Roy, 
1955). An automatic liquid air cryostat developed in this laboratory (Bose, 
1947) placed horizontally enclosing the specimen, provides temperatures accurate 
to more than ().1°K (measured with a calibrated Cu-constantau thermocouple) 
for magcntic measurements. 

The translational motion of the specimen is ojitically magnified with the 
help of a bifilar mirror provided with a suitable oil damping arrangement, attached 
to the other end of the balance beam, and a tclcsi'ope and scale atTangemcnt. 
4he force on the sjiecimcn is balanced accurately to more than 0.1 "/„ by twisting 
the (juartz fibre suspension till flic zero position of the image of the scale in the 
iclcseo}Ki is l esttired. With the Sueksmith shajie of pole-gap the uniformity of 
the forise is within 0.1% over a vuhinie of about I c.c. iii the central region «o that 
the mounting and positioning of the siiecimens and standaT’d substance (chromium 
potassium alum already standardised by earlier exporimeiitR; Dutta Roy, 1955) 
of smaller volumes need noi' bo very eriti(?al. The aiTangement gives the suscepti- 
bility along the field direction, i.e. the vortical. But in the piesenf the alums 
being of f lic cubic class the mode of orientatioii of crystal in the field is imuialorial 
4’lie balance is enclosed within a suitable draught and moisture proof box, with 
a sidi‘- tube to cryostat, a f op tube to enclose the libre sn,spension and a front glass 
panel lor flic observation of the image of the scale fiom the bifilar minor. Details 
of 111 eas men lent are omitted. Uiulcr the conditions of measuremoiii' described 
at room temperature IlOCf'K, wo have 



in which y's are the mass susceptibilities ot crystal along the field direction, the 
angles of twist of torsion libre to balance the magnetic force on specimen, m's 
the masses, //s densities, symbols with and ivitliout the subscript ‘.s’ referring 
to the standard and the unknown crystal sjiccimcn respectively, and is the 
volume su,sceptibiJity ol sunouuding air. At any other temperature T (degrees 
Kelvin), 




300 

T 


... ( 2 ) 
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ill which k jfl the volume susceptibility of the crystal at ami y is its volume 

coefficient of expansion , The measunmieiits are (aheu at 15" or 20^' K intervals 
or oven closer in the ranj'c ;l(10‘'K lo KJO'is The treatment of the results is as in 
the earliei jiapers and the hnal values for mean suKcoptjbilitlos are given atr 20” 
intervals, being obtained from the mean t-urve for the product O^xT against 
T. Tho individual values for t.hreo ilifferent specimens of each salt do not 
deviate by more than 0.2% from the mean curve. The gni, molecular 
811 scop tibilities Xm corrected for diamagnetism of the molecule, tho squares of 


the effective 


moments in Bohr magneton /jy- Ibe (using p/** -- 


Uxm T 
~N/r- 


— 7.995. yjji T)* at different temjieratures, which are same as the mean ionic 
values P/^, are given in the Tables 1-~V. 


TABLK T 
V.NH4(804)2,12H20 


Tomp “K 

XifXlO'. 

Pfi (Ohs.) 

r/3 (Calc.) 

.‘100 

,‘1025 

7.254 

7.264 

280 

.'12,34 

7 240 

7 . 243 

200 

;i47(j 

7.220 

7.222 

240 

375tl 

7.211 

7.201 

220 

4084 

7 183 

7. 180 

200 

4482 

7 107 

7.160 

180 

4007 

7.148 

7.138 

100 

5.500 

7 124 

7 117 

140 

0334 

7.089 

7.096 

120 

7364 

7 054 

7.072 

100 

8780 

7.020 

7.040 


TABLE TI 

V.Rb(S0,)2,12H20 

Temp “K 


P/a (Ohs.) 

P/2 (Calc.) 

300 

3080 

7.387 

7.387 

280 

3293 

7.372 

7.362 

260 

35.33 

7.340 

7.336 

240 

3812 

7.313 

7 ,309 

220 

4140 

7.281 

7.282 

200 

4533 

7.247 

7.257 

180 

5015 

7.210 

7 229 

160 

5627 

7.191 

7.203 

140 

6391 

7,157 

7.170 

120 

7440 

7.139 

7.150 

100 

8912 

7.125 

7.125 


" XTsing values of the physicel (jonstant by Dumond & Cohen, (1948). 
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TABLE in 
V.TI(S0,)2,12H,0 


Tomji °K 

Xm X io« 

P /2 (Obs.) 

772 (Caltj ) 

3(»0 

3083 

7.304 

7.304 

2 H() 

3202 

7 . 370 

7 384 

200 

3542 

7 302 

7 37.7 

240 

3834 

7 357 

7 305 

220 

4181 

7.353 

7 . 355 

200 

4500 

7 . 348 

7 . 348 

180 

5104 

7 345 

7.330 

ICO 

5730 

7 330 

7.330 

140 

0545 

7 324 

7.32J 

120 

7025 

7.314 

7 311 

100 

0141 

7 308 

7 302 




V.Cs(804).,12H,() 

Teni]). “K 

Xjif y loo 

/y- (ObH.) 

/y-! ((Viii-.) 

300 

3078 

7 382 

7 307 

280 

3205 

7 372 

7 372 

200 

3530 

7 350 

7.347 

240 

3281 

7 331 

7 322 

220 

4J52 

7.310 

7 . 200 

200 

4552 

7.278 

7 271 

J80 

5034 

7.244 

7.245 

IGQ 

5043 

7. 218 

7.210 

140 

6425 

7.101 

7 194 

120 

7471 

7.108 

7 169 

100 

H92J 

7 . 1 32 

7.143 


TABLE V 



O.Ti (SO4) 

a,12HjO 


Tenip. 

XjifXlOn 

P/2 (Ob8.) 

Pf i (Calc.) 

300 

1188 

2.848 

2 855 

280 

1270 

2.843 

2 . 943 

200 

1357 

2.832 

2 829 

240 

1450 

2.810 

2 815 

220 

1581 

2 803 

2.801 

200 

1728 

2,787 

2.787 

180 

1911 

2.775 

2 773 

160 

2142 

2.704 

2 . 760 

140 

2434 

2.748 

2.745 

120 

2822 

2.731 

2.731 

100 

3309 

2,717 

2.718 
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4. DISCUSSION OF THE H E S U L T S ON V.i+ ALUM S 
(rt) Variation of Pf^ from Halt to salt aial urit/i t('mperature . 

It will be seen on a general survey of the table of values of P/ in V^-' alums 
that the values are about S to 12% less than the “s})in only” value of 8 squared 
Bohr magnetons. The values of for Hb, Cs and Tl alums at 300'^K arc practi- 
cally the same, whereas, the value for NH^ alum at 3()0°K is about 2% less than the 
previous group. It can be seen from figures !(«( and (6) that tlio temperature 



2(r' (50“ 100“ 140° 100° 220° 260° S00° 

Fjg. Ift . Pj- — 2' ourvoH for V »+ aulj>linto alnniH 
O present nieaHiuoiiionts by Dultn Koy 
• Leiden ineaBurcniontH, 



O present measure nncntB[by Duttii Hoy 
• Leidon measurements, 
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vaiiatiou ciirvo of lor all Mk' alums in mir raugi* f>f temporatiivos aro 
1 (M'tiliiinir with aiiprofiahle slopos a<»aiust teinjierainro axis, which arc very 
JicarJy 1ht‘ saim‘ lor Ilh and (Js alums as also for the NH^ alum thoiifjjh the room 
tenii)erai,ur(‘ value lies lowei- tor the latten*. In TI alum the slo]»e is appreciably 
smaller than the others though the room tem])era turc value is the same as Rb 
and Os alums 

ly-^ values for all the salts in this range appear to obey a Ourio Law of the 
form V/“ - AT-} 7^ (piitc well, but with somewhat different A and B values as 
mdicated jji the talrle 6 bolou . Measurements on V“+ amsnonium alum by Van 
(leu hlaiulel & Siegcrt (11)37) give P/- as 7.290 at 297.4"7ir, 7 169 at 169 8“K and 
7.002 at 77.7''K, and agi(‘e well with our values in this range. 


TABLE VI 

Empirical \Y—^y parameters for the different alums 




Vanadium alum 


Titanium 

alum 


NH 4 

Rl) 

as 

Tl 

Ob 

B 

0 U49 
(0 921) 

0 99.5 

7 015 

7.130 

2.650 


11 4 

13 1 

12 5 

8.2 

0 6 


1 . 804 
(1.800) 

1 870 

1.872 

1,888 

1 . 880 


Tho valiKJS lu iho paranthoaes aro Irom Van den Handel’s data. 


The measurements of Van den Handel for the NH4 salt extend down to 1 .465“K 
and the ¥f^~T curve here is fonncl to deviate from Curie Law slowly at first above 
20°K and then more quickly and then very rapidly at 4°K tending towards a very 
low value near 0°T\ . 1’his is shown infigure 1(a). The e-urvatureat low temperatures 
aiiparently docs not seem lo have an appreciable effect on the behaviour in ihe 
liquid air range. Significance of all these facts is to be fitted into_ a satisfactory 
scheme. 

{h) CrijtiUtllinc field theory of alum. 

In order lo exjdain the exjiorimental results of Van deii Handel and Siegert 
on V'^^' ammonium alum (1937) mentioned in the previous section, Biegert (1937) 
postulated a breakdown of tho Russel -Saunders coupling between the individual 
orbital and spin moments of the 3d electrons in the V® ^ ion (free ion ground state 
3d® ®P) under the inllueuec of the major cubic component of the crystalline field 
arising from the trigoiially elongated octahedron formed by the six water mole- 
cules immediately suiTounding the V®"*' ion (Beevers and Lipsoii, 1936). Since 
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the separatieiis of iho energy levels under the cubic field are of the order of 10^ 
cin~^ Siegeft considered only the lowest orbital trix)let level 1^4 (figure 2a) and fur- 




Fig. '2b i Energy level (liagram for Ti-*' (net diawti to «oalo). 
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fchei* assumed ihai under the trigonal field and the spin -orbit perturbation this 
Jevel is split up ho as to make a nonmagnetic singlet state lie lowest, Math a rloublct 
close above it and other levels at several hundred ein~^ above. Thus assuming 
the trigonal splitting coefficient A— — 700 cm~\ the spin splitting, D ~ 4,70 cm~S 
but the spill-orbit (ioupling coefficient f - d ein~^ instead of the free ion value 
of 4 1114 cm (Laporte, 1028) he obtained a fairly good fit (a) with the ex- 
perimental fleviation of fi om the spin only value, (ft) with the nearly linear form 
of the P/““ T curve above 20‘'K and (c) with the quick drop m this curve near liipiid 
helium temperatures, tending to very lovv' values of Then, his theoretical 

high frequency term (;amo out as 13.011 X 10“^.T as against the experimental | 
value I.Ol X 10“^.7^ (obtained from the straight portion of the P/— 7' curve at 
high temperatures, see Table VI). 

The basic, objections to the above theory appeal’ to be the ad hoc assumption 
of the complete breakdown of M-S coupling (Van Vleck, 1939; Owen. 1955) and 
the neglect of the upper cubic levels and also the components of the “P inultqilct 
Mhieh are sufficiently close to the ground level to affect, its contributions to the 
effoi’tivc magnetic moment. 

In a roeeut paper one of us (Ohakravarty, 1959) has applied the method of 
Abragam and Pryec (1951) to the problem of V^^ alums, Muthout reijourse to any 
special postulate regarding 11 breakdown and, taking into consideration the 
contributions of all the upjier levels, has obtained for the square of the effective 
moment, 


242-1 l6/lW/Plexp(/)/rT)-ll , UT j. 

2+exp(P/A;P) ' ■ ^^2 « 


jr , a 2 1 


m ' ''' 


!h^) 


( 3 ) 


<0 a 


,;legree of ajiproxiniation, iu which A - IP ~ f/x2/4 and g — 

— 1 ' 1 e n lean spec t I’oscopic spl i tting fact or and Kg m the high fre quency 

4s he spin splitting and other symbols have the usual ineaiiings. 
susceptihiJity^ Z), tk ^/<,tiplicated linictions of A, and a and a' the Land e splitting 
fA ^ and are ^Cliakravarty, 1959). Exi)ressioii (3) gives good fit with the 

factors in the crystalX^ ^Van den Handel et (d (1937) and Datta-Hoy (1958) on NH4 
t'Xperiinciita/ results of^ of temperatures (Table VII) taking by trial and error 

^finn, over the entire rfj\ of ^ = — 1350 cin"^, a = 1.10, a' = 1.35, ^ =4-64 cm-^ 
ie values of the paranictX of 7 ^ ^ against the experimental 

leading to ^ _ j \ 

•yi' t.960, f/j.^eloJ ^ ^ 


Value 


S' = 1-864, = 


cm*-^ and = 1.98 X 1 O'® as against the mean 
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TABLE VII 

V.NH4(S04)j,12Hj0. 


T°K. 

(Thoo.) 

Pf'i (Expl.)* 

100 

7.016 

7.040 

200 

7 062 

7 . 160 

300 

:.12K 

7.264 


* Kit with Van (Jon Handt^l'M reBiiliH me not shown hocaiiHc tliow' Imvo boon diHouoHod 
111 details by Chaki'a.vai'ty (llfitt). 


(‘Xperiniental vaJuo l.23x 10""^ (M'able VJ). Ft in further found that in the range 
.‘lOO 'K to lOd'^K the eontrilmtion of tlie term of the order J /7' (equation (3)) is 
heJow the Jiinit of experiiuciital errors of \ 0 2%. In fa(*i. even at 10°K this 
eontrilmtion amounts to a little over only The other two terms in equation 
(3) are of the lorm AT \ H, which explains why the empirical curve in the high 
Icmperature range is appreciably a straight line. Ft is to be remarked, however, that 


the theoretical slope of the line given by 


3jfc 


7v, 


IS somewhat different from 


the oxpevimeuial, even considering the comparatively large eiTor in determining 
this small term (about i5%). This is probably due to the fact that g and hence 
A the trigonal held .splitting (‘oefiftcient changes a little vdth temperature which 
IS not sufficient to produce a deviation from linearity but effectively causes an 
appreciable ehange in th(‘ experimental slope. 'J’lius. evidently the theoretical 
(/ value taken to fit the empiiical straight line represents really the average value 
in the given tempenitiue range 

It would be very nice d the actual values of </ and D could be detcrniined 
diiectiv by paramagiud ic resonance at each temperature, so that we could account 
tor even the small mistit in A',, value But, unfortunately, the large spin-split- 
ting 4 S cm 1 makes it impossible to induce transitions betw'een the low^cst 
levels unless microwaves of 2 min. or less wavelengths arc used, which has not 
been as yet (tone, 

(c) The rrystfd field pammeters 

In the paper mentioned earlier’, ('hakravarty has shown that the values of 
parameter s (/||, f/j., /> and A. x, a' siid ^ must be eliosen so as to be eonsistent 
with the cubic held eoetficient U — 39tK)0 em-’ and multiplet separation m 
crystal, Ep — 9300 cm obtained from opiic^al absorption measurements (Hart- 
mann and fSchla-tei’, 1951) and vvith a reasonable set of values of the second order 
and fourth order trigonal held coefficients U and /, namely, 3500 crn-i and 
3400 cm-M-espectively (Abragam and I^ryce 1951). Tt is worth riotieiiig that 
5 
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experimental parameters and {/i are uniquely fixed, at least in theory, even 
from mean susceptibility v'heii D is fixed from the low temj)orature measurements 
aird y and are found fr(,)m the intercept and the slope of the high temperature 
curve where the effect of D may be considered zejo, provided the value of has 
been fixed. In view of what has been said earlier the values of g and Kc have 
to be slightly adjusted and a number of trials with different ^ values made till 
the values of A, a and a' correspond to reasonable values of H and 1. 11 is 
found in this way that though thei’c may be other sets of values of A, a and a' 
which satisfy the experimental parameters y, D and H and I are rather 
sensitive to changes in these and beccime quite unreasonable if these values are 
changed to any considerable extent, and the best set of values are found as given 
above. It would have saved much trouble in finrling j/n, gs. and D by trial anti 
error if these eoiilcl have been obtained directly from paramagnetic resonaniic 
data. But these are not available for the reasons already mentioned It is 
interesting to remark that the 40% rediudionin the value of C from free ion value, 
also needed in Siogert’s theory, suggests that a fairly large overlap, p — 0.00 
of the "M wave functions of V®'' with both the .s‘-and /i-wave functions of attached 
water-oxygens, exists in these alums (Owen, 1955). On the other hand, the value 
of A found by us is about double than that obtained by Siegerl, namely, 
—700 cm , 


Now it) is very probable that the covalency factor of 0.60 and hence ^ is practi- 
cal 1}^ the same in all these alums, since this arises from the semi covalent bond 
between the 6 water molecules surrounding the ion in everyone of the alums 
and may not be much iiifluonced by the long range lattice structure; moreover, 
the values of a and a' representing effect of upper levels, also should not be veiy 
fliffereiit Then we may make an attempt to estimate the values of A, D, g and 
A',, for the three alums other than NIl/^ alum. Of these the Rb and Cs alums apx)eaj' 
to behave pracdically identically and only a little different from NH4, whereas 
the T1 alum is appreciably different. Tii view of the roughness in the trial and 
error calculations and the labour involved, it may not be worthwhile to perform 
these for Rb and Cs salts separately. 


We lind that foi* the T1 alum the parameters A — - 1440 em-i, ^ — H-64 cm“^ 
a = 1.084, a' = 1.380 give D = 4.812 nni~^ i/jl — 1.990, (/i = 1.819, 


17 — 1.878 and 


3A; 


Kc 


1.759x10“*. The theoretical values of P/ calculat- 


ed from the above and the experimental values are given for comparison below. 
The g value gives good fit with experimental value of 1.886 and the contribution 
of the 1/7' term is quite negligible as required by the linearity of theP/~T curve 


in oni' range. The large difference with the experimental 


U 


A:^term0.82xl0'* 
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TABLE VIII 

V.T1(S0,)j,1?H20 


T°K. 

Pif (Theo.) 

P^f (Expl.) 

300 

7.506 

7.394 

200 

7,365 

7.348 

100 

7.230 

7. .308 


indicates the effect t)f the appreciable variation of g value with temperature. 
A value in T1 alum is appreciably larger than the NH^ alum and is the main reason 
lor the observed lajger g value. It is evident qualitatively that the paiumeters 
for the Kb and Cs alums are intermediate between the NH 4 and T1 alums. 

5. («.) Variation of for alum ivith- temperature 

It will appear from the table 5 that K/forTi®-* alum at30l)”K is~ri% less than 
the spin only value and falls linearly to ~ 9% less than the spin only value 3, at 
100 ‘'K, so that the data may be very well represented by the empirical formula 

P/ = 6.6x10-«xT+2.650 ... (4) 

Tt wil be seen from our expression (4) above that the A term contributes 
about 5% of the total P/ at 300°K while P contributes the bulk of 95%. 
There is no trace of any nonlinear term. 

The Leiden moasurements on mean susceptibility of this alum by Van den 
Handel (Thesis 1940) for four different samples in the range 300'^K to 1.2°K are 
■SO inconsistent amongst one another that it is difficult to jnit much reliance upon 
them (see also remarks by Van Vleck, 1940). Even for one of the samples for 
which the room temperature value is fairly close to ours the entire temperature 
variation of P/ is of the form P/ 14.6X 10-'^T+2.784-42.3/T ... (5) 

Apart from the fact that the Leiden high frequency term is too large the 1/P 
term also cannot be fitted with any theory as will be seen later. 

( 6 ) Theory for Ti^+ ion in crystalline fields of trigonal symmetry 

Under a crystalline field of cubic symmetry with a small superposed trigonal 
component as occurrs in the alums the original ground state of a free Pi3^• 

ion together with the spin orbit coupling is split as shown in figure 26. Each orbital 
level has a twofold Kramers degeneracy which is slightly split to ~ 0.002 cm“i 
only, by the effect of the very small exchange and dipole coupling existing even 
m these highly magnetically diluted salts, as shown by adiabatic demagnetization 
experiments (Kurti and Simon, 1935). But we may neglect this for our present 
purpose. The Kramers doublet can be further split appreciably only by the 
magnetic field and thus P/ should strictly obey a Curie Lawbetween l°K to 300°K, 
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uuleHs the trigonal field separation A lietween the hasie orbital suiglet and tlie 
next higher doublet is comparable to any value of hT in this range 

Bleaiiey eJ al (1955) have found from paramagnetic resonance measurements 
that y — 1.25, r/j^ — 1,14, so that g — 1.176, at heliiim temperature only, since 
at higher temperature the spin lattice relaxation time is of the (irder of 10“® - 
10 "i®see. making measurements impossible. In order to reconcile this abnormally 
hm value of y and also the departure of Jjeiden from Curie law shoAvji by eejn 
(5) these workers assume a high degree of charge overla]), between the r^-orbitals 
of Ti^ ' and .s ajul p orbitals of the surrounding water-oxygens, represented by a 
factor K 0.7 and find that A 30 eni“' On the other hand, the paramag- ' 
netic absoiption measurements al 90"K and 2 "K give relaxation tunes '-v* K)-® 
and 10“^ sec. respectively (de Haas el al 193S; Gorier et (ff, ilKlS), from which 
assuming the usual structural model of the alums (Beevers and Upson, 1935) 
Van Vleek (1940) has shown that “Hainan Process” is predominajit for relaxation 
phenomenon in Ti* * alum and A is 'v. 1000 cm '^ and ~ 200 enr ^ a\ 90'"K and 
2‘'K respectively. 

TABLE i:X 

Ti.Cs(S04)2,12H20 

T'K 

;mo 

240 
200 
140 
100 

We have shown in an earlier note (1959) that starting with the molecular 
orbital theory, as applied by Van Vleek (1935), Stevens (1953) and others (Piyce 
el alf 1958) in many transition group salts, and assuming that the Ti®^ and 0®' 
charge overlap is aniBotroju'e in character, Bleaney ei aV^ (1965) abnormal g value 
at low temperatures and our own Pf^ value at high temperatures may be fitted 
into a scheme consistent Math the picture given by the paramagnetic absorption 
as well as optical absorption ineasureinents. 

We find that in the liquid air range f/|. — 1.919, gx=^ 1 .775, g 1.823 as against 
experimental value 1 .880, and A = 800 cm~^, = 0,800, kx = 0.580, (anisotropic 


P2y(ThPo.) Pa^(Expl.) 


2.849 

2,875 

2.703 

2.807 

2.7rt:i 

2, nr) 

2.724 

2.080 

2.093 

2.625 


overlap factors) 


U 


. Kf. ~ 15.3 X 10"* as against experimental value 6.6 X l0"^ 


give fairly good fit with the experimental P/®valueB (Table IX), while any value of 
A =: 200 cm“^to 30 cm~^ may be fitted with the resonance g values, in liquid helium 
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range, other parameters j'ornaiiiiiig about the same. The fitting is not improved 
mneh by readjusfiug the [larameters uithin reasonalde limits. I^lie nholeexpJa - 
nation of the magnetie behaviour thus lies in the fact that ^ decreases ratlior 
cjuiekly from below 1()0"K. owing to do(;rease in tlie spin lattice interaction. 13ut 
the consequent curvature of the //* curve is to a considerable extent balanced by 
the variation of the moment caused by thermal depopulation of the upper orbital 
levels as the teinpei’atuj’e falls, so that the /y- curve is apparently straight except 
perhaps much below liquid air range. These variations, though much smaller 
in the liquid air range, mtlucnce the observed slope of the line as also it s intercejit 


oil Py-^axis and makes them different from the theoretical values given by . K, 

JSIff 

and (f respective! V. 'riiesc are also the reasons wliy there is a small jiersistent 
deviation of the theoretical and experimental Pj- values Whether this is a purely 
thermal expansion effect or due to a change in crystal phase cannot he as(*ertaiiie(l 
for the lack of suitable data 

Moasuromeiits belov’ liquid an tempera lures are in progress in order to verify 
all tlie details of the theory which have been comimniicated m a separate paper. 
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ON THE ABSORPTION OF 3.18 CM MICROWAVES IN 
ETHYLENE CHLORHYDRIN AND ITS SOLUTIONS* 

T. J. BHATTACHARYYA 

Optics Department, Indian Asscoiation for the Ciji/pivation or Science, Calcxjtta-32 
{Recnved, Novendfer 6, 1959) 

ABSTRACT. The absorption of microwavos of length 3.18 cm m pme otliyleiic chlor- 
hyrlrin and its solutions in carbon tetrachloride and methyl cyclohexane have been studied 
in the l.emperaturo ranges from — 70°C- to ]15°C, fiom — CO^O to and from ~80°C to 

respectively. In the case of t he pure liquid the absorption starts at. — 40'’C and mcreasos 
rajjidly with rise of temporatui'e without showing any tendency to remain constant. In the 
case of the solution in f3Cl4 absorption lias boon found throughout the tomperoturo range 
from — RO^C to SO^C with a maximum value at 10*0. In the case of solution in methyl 
cyclohexane the absorption is much feebler. It starts at —20*0 anil gradually increases 
with the rise of tomporat ure but. much h ms ra^ndly than in the case of the pure substance. 
The results have been explained on the assumption that the pure liquid consists of dimers 
formed through two typos of intermolocular hydrogen bonds, one through 0-H...0 and 
the other through 0-H...C1 linkage. 

INTRODUCTION 

111 a previous investigation ou the absorption of microwaves in o-chlorophonol 
(Ghosh, 1955) it was observed that the liquid does not show any absorption in the 
3-cin region, from which he concluded that the OH group of the molecule in the 
liquid state has no freedom of rotation about the C~0 bond and this was expected 
from Pauling’s hypothesis that most of the molecules in the liquid exist as dimers 
(Pauling, 1945). In a later investigation (Bhattacharyya, 1958) it was observed 
that when the substance is dissolved m CCI 4 the solution absorbs microwaves 
in the 3-cm region, indicating that the OH group has freedom of rotation about 
the C --0 bond and confirming the results of investigations on the infrared spectra 
reported by Sirkar et al (1958). 

The infrared spectra of the solutions of ethylene chlorhydrin^and of the pure 
liquid were studied recently by Mazumder (1959) and it was concluded by him 
that the pure liquid consists of two types of dimers while solutions in hydrocarbons 
contain both single molecules and dimers. This conclusion could be tested by 
studying the absorption of microwaves by the liquid and its solutions and the 
present investigation was undertaken for that purpose. 

EXPERIMENTAL 

The experimental arrangements and procedure were similar to those in a 
previous investigation (Bhattachar 5 ^a, 1958). 

* Comnmnioated by Proof. S. 0. Sirkar. 
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The pure sample of ethylene chlhrhydrin was dehydrated by mixing it with 
anhydrous Na2S04 powder and then distilling it in a triple-bulb distillation appa- 
ratus under reduced pressure The first portion ol the distillate was rejected and 
the middle poi-lioji boiling at 128-8“C at atmospheric pressure was used for the 
experiment. It was found in the preliminary investigation that the sample 
absorbed highly 3.18 cm microwaves at the room temperature (30'^C) and also at 
higher temperatures. To be sure that this absorption was not due to presence 
of water in the sample another sainjile of the pure substance was taken and mixed 
with lequisite quantity of benzene and the mixture was subjected to tractional 
distillation. The portion boiling at 128.8‘^G at normal pressure was taken. It 
was expected to be j)ure. The liquid thus obtained was again mixed with anhy- 
drous magnesium suliihate and distilled in a triple bulb under reduced pressure. 
The purity of the distillate used for the experiment was tested by the boiling 
point test. I^lie absoi'ption of the microwaves in tlus sample at temperatures 
I'angmg from — 70^0 to IIS^’C was then studied. 

The temperatures below the room temperature ware obtained by putting 
the water-tight cell containmg the samples in a bath of alcohol in which liquid 
oxygon was added slowly. 

The absorption was studied m pure ethylene chlorhydrin, in a lli% solution 
ol the substance m CCI4 and in a 7.5% solution in methyl cyclohexane. As a 
maximum was ohsei'vod only in the ease of the solution in CCI4 the static 
dielectric constant Sj, refractive index and ij, the viscosity of the solution at room 
temperature wore measured and the values of those constants at 10“C were found 
out by extrapolation. These values wete used for the calculation of the radius 
of the rotor from Debye’s formulae • 


WT =• 





kT ^ 


where the dieleidric coiistaut at very high frequencies, r the relaxation time 
and 10/271 is the frequency of the microwaves. 

RESULTS AND DISCUSSION 

Figure 1 shows the temperature dependence of loge /«// observed in the ease 
of the pure substance and also 111 the solutions. Here 1 indicates the micro- 
meter reading due to the microwaves transmitted by the cell filled with the 
sample and io that duo to the microwaves transmitted by the empty cell. 

It is seen that the pure liquid begins to show absorption of the microwaves 
above IIOT and there is very little absorption below ~30“C. As the substance 
melts at — 70^C the absorption was studied up to this temperature. No absorption 
maximum was found in this case in the range from -70^0 to 116"0. 

In the case of the solution in CCl* the absorption starts at -50°C, gradually 
increases with the increase of temperatui-e and after attaining a maximum value 



500 



- 100 -60 -40 -20 0 20 40 60 80 
T m "C — ► 

Fj^. 1. Cui’vo 1 hIiowr lorapomtui’o dopondem-o ol log^ Jo/Z for othylone chlorliydrln. 

('iii ve II shows tho same for 16% solulioii of iho liquid in CCI 4 

(Jurvo HI slioww Iho Humefoi 7 .;»% solulionol tlio liquid 111 nu’thyJ fycIolicMuio. 

at 10“C it gradually cliiniiiishes. The value of log^ /„/7 at AvaB as lugh as 

14.00 ior the soJutiou. The values of rofraetive index, dielcidric constant and 
coefficieni of viscosity of the sohitioii determined experimental ly as well as the 
value of the radius of the rotor eaJciilated from Debye’s formulae are given 
in Table 1. 


VABLK r 


h'ubalonoe &)/2'7r Mo/sof Jen fj T"“K txIOi* 100 x^? u X 10s 

HOC. fill 

16% solution 

inCCb tHJ6 1.40 6.01 283"K 4.9 3.4 1.64 


This value of a, the radius of the rotor, is identical with that observed in the 
ease of ethylene dichJoride by Ghosh (1953). So, the rotor is the C-Ol group in 
the pi esent ease also. Thus the C-(^l group is free in the solution in CCI 4 . This 
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is indicated also by the results of investigations on the infrared spectra of tlie 
solution of ethylene chlorhydrin in CCI4 (Mazunider, 1959), because if the OH 
group of the molecule is attached to the Cl atom of the solvent molecule by the 
formation of OH... Cl bond, as postulated by him, the chlorine atoms at the other 
end of each of the molecules will remain free. This bond is fairly strong, as indi- 
cated by the results of investigations on infrared spectra and therefore there is 
not much increase in absorption with rise of temperature beyond 10®C. This 
result thus confirms the conclusion drawn by Mazumder. 

Tlie fact that there is no absorption in the case of pure ethylene chlorhydrin 
at very low temperatures indicates that the molecules are in a form in which neithei' 
the hydroxy] group nor the C-Cl group is free. This may bo due to the formation 
of either the gauche configuration in all the molecules or associated groups. The 
existence of such groups of two types in the liquid was postulated by Mazumder 
(1969). Of these, the groups formed through the weak bond 0-H. . .0 is less stable 
than the group formed through 0-H... Cl bond. At temperatures above — 40“C 
the absoiption increases rapidly with increase of temperature. This indicates 
that the associated groups formed through 0H...0 bond break up and the 
hydroxyl group begins to be free with the rise of temperature. If the molecules 
were of gauche configuration they would not change into the trans configuration 
so rapidly to produce the observed rapid increase of absorption with rise of 
temperature. 

Curve III in figure 1 shows the temperature dependence of log*, IJI for the 
7.6% solution of ethylene chlorhydrin in methyl cyclohexane. Like the pure 
substance this solution also does not show any absorption at low temperatures. 
The absorption starts at — 20°C and iiicreasos with rise of temperature of 
the solution, but the rate of increase is much slower than that m the case of pure 
substance. In this case also the absorption maximum is absent. The investiga- 
tion was carried out through a range of temperatures from — 80® C to 86® C. At 
86®C the value of IJl is 3.1. Evidently, in the solution of the substance in the 
hyiirocarbon the dimers formed through OH... Cl bond do not break up hut those 
formed through OH...O bond may break up into single molecules, because the 
latter bond is weaker. Some of them may reunite through OH... Cl bond. 
This may be the reason for the very small absorption found in the case of the 
solution of the substance in methyl cyclohexane. Similar results were obtained 
by Mazumder (1969) in his investigations on the Baman spectra and inixared 
absorption spectra of pure ethylene chlorhydrin and its solution in heptane. He 
observed that the nature of the absorption peak due to the solution of ethylene 
chlorhydrin in heptane is almost the same as that due to the pure liquid, but 
the magnitude of absorption in the solution is smaller. He assumed the persis 
tence in the solution of the dimers of two types formed in the pure liquid. The 
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results of the present investigation are thus in’ good agreement with the con- 
clusions drawn by him. 
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RELATIONSHIP BETWEEN ULTRASONIC VELOCITY AND 
OTHER PHYSICAL PROPERTIES OF PURE 
ORGANIC LIQUIDS 

SATISH CHANDRA SRIVASTAVA 

Dupabtmknt op Physical Chemistry, Indian Association pob the Cultivation oi' 
Science, Calcutta -32 
(Beceived, September 30 , 1959 ) 

While inveetigatiiig the possibility of finding out a relation between ultrasoni 
velocity(V) and concentration of solutions, specially solutions of electrolytes, 
the author found a relation between F and the internal pressure P as : 

F/?6 = fcRiP ... (1) 

Avhere p is the density of the liquid and It is molar refraction . K is a constant 
equal to (7 ± 1 ) ■ Internal pressure may be related with boiling point of the liquids 

P = (- 14004-24.6^)4.6/ F^ (2) 

where F is molar volume and T is the boiling point of the liquid in degrees absolute. 
The relation has been verified for 75 liquids (from the data of Parthasarthy given 
by Vigoreaus (1962) and of Natta (1949) and has been found to be true for as 
many as 60 liquids. In the remaining 15 liquids 8 are alcohols, 2 acetone, and 
the rest water, etc. for which there is a deviation probably because of high 
association or polarit 

A better relation is observed when data are compared in the similar class of 
liquids. For a few of them average ratio of Vp^flt^P has been shown in Table 
I which may also be termed as constant of linearity between Vp^ and E^P. The 
range of variation has also been shown in each case, 
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Equation (1) may alsq be kept with the help of equation (2) as 

where ki and are constantB 

and will automatically hold good, if (1) is true. 

TABLE I 


Class of Liquids B 

No. of 
Liquids 

Mean slope 
(average 
ratio 

VJP^fR^P) 

Range of 
variation 
of mean 
slope 

Mono Olefins 

R 

7.62 

-I-.26. -.20 

Parafilns 

12 

7.63 

f.l9, -.09 

Alkyl Chlorides 

4 

7.66 

+ .32, -.19 

Aliphatic Esters 

6 

7.86 

^-.41, -..30 

Alkyl Bromides* 

3 

7.11 

+ .08, -.07 


The equation may ho helpful in deriving an equation for the velocity of ultra- 
sonic waves in solutions. # 

The author owes his sincere thanks to Prof. S. R. Palit for his valued sugges- 
tions and keen interest in the problem. 

BEPERENCES 

VigoroauB, P., 1062, Ultrasonics, Chapman and Hall, 

Natta, G, and Baccareddo., M., 1949, JPie Makromole Chemie, 14, 134. 

* Bromoform has abnormoliy low ratio of Vp^lB^ P and therefore 
has not been included. 


Six alcohols were also tested and have tho mean ratio P as 6.06 with a wid > 

variation as +1.10, '-.70 which is beyond the desired value. 
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THE EVALUATION OF THE ELECTRONIC TRANSITION 
MOMENT FOR THE 6^S+— aV SYSTEM OF CO. 

N. R. 'I'AWDE ANB B. H. PATIL* 

iJWi'AllTMEN'J' OF PHYSltlB, KahNATAK UnIVEUBITY, DhAKWAR 

* (liacetued, October 21 , 1959 ) 

AUtSTKAUT. 'I’lio intfgiutod inleiiBiiioB obtainod by Jiun’dW. Glralzor and Malliorbe 
for (70(6^*21 — '7i*7r) havo boon uaod to detoriiiino tho dopondeitoo of oloctronio transition 
moment JiV(r) upon the mloinuoletir distance r, with tho aid ui Fiank-t'-ondon factors qr'v>> 
and (r-controids). For this purjDose, tho r-eontroids have boon oidculatod indojii'iidontly 

and tfio relation oonnooting Rf, and r ovolvos in the form Rr ~ C'(l — 0.li4a3r) tor Ihis 
system. Tho thoorotical mtonsitios under i-ho asHimiptions of Re us constant, are thou 

corrected for variation of He with r, liy tho above lolation and they have boon disouBSod in 
tho light, of the available mtogiatod intonsity data. It is noticed that disharmony betwoon 
theory and oxjierimont is considorably roducod as a losult of the introduction of 7?c(r) fuelor, 

IN TROD UOTl 0 N 

Barrow, (iralzcr and Malherbe have obtained the integrated mt/onsitieR of 
the bands belonging to throe progressions in the system of carbon 

iiionoxido and havo indicated therein certain tendencies, which arc not quite in 
harmony with theoretical predictions He suggested that this disharmony may 
be a conscqiioiKje of the variation of electronic transition moment (Rf.) with iiiter- 
niiclcar distance not asHumed in the theory. In view ot tho recent elucidation 
of some theoretical aspects couccriiiiig the electronic transition moment in the 
treatment of vibrational transition probabilities, it occiiiTcd to us to attempt the 
evaluation of the contribution due to the variation in electronic transition moment 
ill this molecular baud system and see how far the disharmony could be removed 
by using the available inoasuremoiits of Barrow and others on the integrated 
intensities. 


T H E 0 K E T I C A Ja 

The vibrational transition probability is usefully expressed as 

==• I i/fv^Re^v'dr I ... (1) 

* J^'ormoily Senior ffesearcli Aasistant of tho O.SJ.R. iix the Dopartmont of Phyaioi 
and now Head of the Dopartmont of Science, Chliatrapati Sbivaji Oollege, Satara. 
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Ou tlic ; -centroid concept introduced by Franer (1964), it is possible to rewrite 
tlio expressio]! (1) by separating M^{r) from the bracketted expression so that 

{fvfv'i) I p »"dr 1 2 ■ ■ ■ (2) 

Here, if the electronic transition moment (?„/„«) is assumed to be constant, 
^ve obtain the transition probability Pn>v" fo be proportional to the Frank - 
Condon factor | which may be expressed in brief as (/„/««. 

Now, in practice, if experimental results of transition probabilities are com- 
pared with theoretical data on the basis of above consideration, we, generally 
obtain some disagreement. In order to trace its source, one must obviously go / 
into the problem of the nature of the variation of the quantity Rg with r. 

The intensity of a band v' -4 v" m emission is given by 

where the (luantities on the right hand side have their usual meaning. 

iSince stated earlier, wc get 

-/ti'n" ~ ■■■ W 

It is possible to correlate this with intensity for another vibrational 
transition v'-¥)i and obtain an exiiression (ionnccting both as lollov^s : 

^ Iv'u" / 1 9 * 1 ^ 

qvfv" I / '^^v>n2v'n 

Here fo'o'' which is usually defined as r-centroid needs to be evaluated. 

(a) Evaluutum of r-CnUroid 

The transition moment Reifv'v") corresponds to a particular distance 
This distance, on considerations of Fraser (1954) and Nicholls and Jarniain (1956) 
is designated as r-ceiitroid. They have evolved it in the form : — 

r^,^n ^ J rxj/^^dr / J i// dr - ■ ■ (b) 

1 1 is defined as the average inierniiclear separation associated with the transi- 
tion v'~^v" . Nicholls and Jarmain (1956) have indicated several methods of eva- 
luating it and from the results obtained b}'^ them, this quantity appears to be an 
important property in a system, as it is shown to bear a definite relation with 

the wavelength of the band [v'v") in certain band systems studied by them. 
In evaluating the contribution of the transition moment, we have incidentally 
verified this relation in the present case too, by deriving the r-centroids for the 
bands of two ^/'-progressions [v' ~ 0, 1) of 6*11 a^ir system of CO by one of the 
three methods given by them, viz., the graphical method. The values obtained 
are given in Table I side by side with 
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I'ABLE I 

r— OeutroideK and wave lengths for GO, 

1.088 A; 1 209111 


Transition 

Wave longlli 

r-Cenlrpida 

v' v*' 

\y'y« A 

i'd'h" a 

0, 3 

3.305,7 

1.048 

1, 4 

3242.1 

1.062 

0, 2 

3134,4 

1 081 

], 3 

3079.0 

1 090 

0, 1 

2977 4 

1.108 

1, 2 

2930 0 

1.118 

0, 0 

2833 1 

1.135 

1.1 

2793 1 

1 142 

1, 0 

2665 0 

1 156 


Tdo variation of fy/y" with A within the present range 1 048 < 1.156 should follow 
the general rule established for the two eases, (i) > r\ or (ii) r\ < r% by 

Nicholls and Jarmain (1956). For the latter i.e. case (ii) which is applieabJe here, 
the rvtv» should decrease linearly with A increasing and this is what has been 
found here. 

Having verified this important property and being in possession of data 
on r-oentroids for the bands of the system, it is possible to use equation (5) above, 
to obtain the variation of Eg with fo'v", • 

(b) Determination of electronic, transition mo^nent {Eg). 

If the intensities and Iv'n preferably the integrated intensities are 
known, the ratio 

Egi^vie " ) / Eg{f.g f „ ) 

can be evaluated from equation (5) lor any v^-progression to which the measured 
bands {v', v") and (i/, n) refer, since the values of A are known for a given transi- 
tion. The variation of Eg with fvW' is ultimately obtained from a smooth curve 
by the least square criterion, as there is generally a scatter of points as a result 
of (i) experimental error in the intensity measurements and (ii) the nature of 
precision in the calculation of Frank- Condon factors. For arriving at this varia- 
tion, the integrated intensities measured by Barrow, Grazer and Malherbe (1956) 
and Frank-Condon factors calculated by them on the basis of Morse potential 
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mofleJ, liave hewi used. The results have been ultimately obtained m terms of 
^ei^v'i>")IRe{fQQ) These are ealeiilated for ?/ — 0,1 progression, as well as read 
from smoothed eui've prepared in the manner indic^ated above. The calculated 
values could be arrived at in two ways, i.e. either from (a) rescaling procedure or 
from (b) the ratio (//v*)/(S//v'^) for bands. Each ol these sets are then subjected to 
graphical plot, and a smooth curve determined In doing so, it was found that the 
results obtained from rescaling procedure gave a large scatter of points as to make 
the course of smoothed curve uncertain. But in the case/ of values resulting 
from the ratio (l/v‘*)/(D V/v^), the xcatter was within the permissible limits, to 
make the determination of smoothed curve much more certain. For this I'cason, 
we are inclined to ])lace moi o reliance on these latter results These are recorded 
in Table 11. 


1’ABLE T1 

Variation of electronic transition moment in (X) system. 


v' c" 

Ji (^rv'v")IIiAroo) 

( ^alciilatocl 

h*e{rr'r")IEr{roo) > n'v" 

from umootbod rurve 

0, li 

1.1% 

1 207^ 

1.0-18 

0, 2 

1 

J .028^ 

1.081 

0, 1 

1.010 

1.0644 

1.108 

1 2 

1 . 009 

I.O4O5 

1.118 

0, (1 

1 .000 

1 . ooo« 

1.1 :ir) 

1, 1 

0.662 

0.98.S;, 

1.142 

1, 0 

1 114 

0.949,, 

1 136 


The relation representing the quantities in column 3 and 4 is satisfied by a 
linear equation of the form 

Eg — c(l -b pr) 

Where the p value for the system under investigation works out to be — 0.6433 
within the range of bauds examined. This value of p seems to be of right order 
considering similar results on other molecules Thus, in the present case, 

E,^c(\ •0.6433F) .. (7) 

K K S U L T S A N I) D T S C U S S T 0 N 
With the relation (7) obtained as above and with the values of integrated 
intensity obtained by Barrow, Gratzer and Malherbe for v' = 0 progression, 
we can now proceed to introduce the correction for Eg in the theoretical derivation 
of intensity obtained by Barrow. Rewriting equation (4) by taking 
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K N„, = K\ we got 

/ - ICv'^Eg^{r^fv"ki)'v" 

i*e. / oc E^^{TD/if*')Qv'v" 

Now when it Ih a (inestion of comparing the experimental value of intensity 
with similar theoretical derivation, it is necjessary to multiply transition probabi- 
lity value by v"* of the particular baud This procedure was not, however, followed 
by Barrow and collaborators in studying this experimental intensity in tlie light 
of the theory, but they compared directly the experimental intensity values with 
the transition probability figure, i.e. Ki-anlc- Condon factors. 

We have, liowevei*, obtained our results on consideratifwis given above, viz., 
by taking account of Table fJI incorporates the relevant experimental and 
theoretical data thus derived. 


TABJ.E 111 


HhikI 

v' 'if 

Into grated 
intensitit‘H 
( Harrow, 

(Jratzor 
and Malhorbo) 

( Barrow, 

(Sratzor 

and 

Malherbe) 

Kolal.ivc 
thooret-jcal 
iTitonHities 
taking as 

constant 

J' - qv>o» X »'■*' 

( 'Onocted 
T'nlativo 
theori'iieal 
mtenBities 

1 = VxlU 

P = 0.61 

0. 0 

1 00 

1.00 

J . 000 

1 .000 

0, 1 

2.00 

2 . 30 

1 . 054 

2.216 

0, 2 

2.42 

3 27 

2.170 

2.773 

0, 3 

2.07 

3 . 35 

1.800 

2 632* 


Jn the column 2 above, we have Barrow’.s experimental data of inti^grated in- 
tensities followed in column, 3, by Frank-Condon factors derived by him. 
These latter are converted to tlieoretical intensity values in the next oolumn 
4. It is to be noted that these values of theoretical intensities emerge on the 
assumption of the constancy of electronic transition moment. One could see 
from the trend of experimental values of column 2 that they change more rapidly 
with v" ill the progression than theoretical values, (column 4). This disharmony 
between iheoietieal predictions and experimental results is to be traced to the 
failure to bring the Frank-(yondon factors to the proper scale of intensity data 
uniform with exjierimental values. The last column (Table I) gives the theoreticjal 
intensity value as <!orrected for the variation of electronic transition moment in 
the manner shown above. Ft would be seen from the corrected results (column 
5) that they give, in general, a better approach because of the large disparity being 
removed particularly in the higher member of the progression, viz, the (0, 3) band. 
Hence the conclusion is inevitable that the variation of elec.tronic transition moment 
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with iiiteinuclear separation eontributos sigtiihcaiitly to t he vibrational transition 
probability as suggested by Selmler (1950) and Nicholls (1954). 
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TEMPERATURE VARIATION OF DIELECTRIC 
RELAXATION IN SIX POLAR LIQUIDS 
J. SOBHANAURI 

Pnvan's DwrAitTMENT, Anhurv Univkusitv. Waltaih 
{Heaeivcd^ October i4, 1059) 

ABSTR/^CT Tim tuiupoi-ai-ui o vanation of ilieloftru* rolaxation is studjorl in flix 
])olar inoltJCuloR in dilute solution usiri^^ n-ho])tauo hs RoJvont o\^pr Iho (.oiiipomturo range 
0 'C to SO X' The inoloc:ido,s invostigatod aro Chloro beii’/iOno, O-Chloro toluono, 2,6 Dicliloro 
toluono, Mothyl tt-butyl krtoiiH, Mothyl Ji.-aniyl kotono and Methyl })honyl ketone (Aeeto- 
phonone). The enoi-gy of autivalion foi dipole relaxation loi each licpiid is ('oni[)ar6d with 
the eoi i’ofi|joriding value tor viscous flow The results aro exarmiiod m the light of Ifiyi'iug’a 
theory of absolule reaction rates. 


1 N I’ H 0 D n V 'I' r O "N 

The phenomenon ol diclecitrie relaxation is generally regarded as a rate process 
invoivlug the rotation of the dipolar molecules about two mean equilibrium 
positiona and separated by a potential energy barrier with a certain probability 
of jumping from one equilibrium position to another. If 1/t is the jump rate or 
the mean iiuiuber of jumps made by a dipole in unit time and is the energy 
of activation, then 

1/t oc c 

or ... (1) 

where A is tlu^ constant of proportionality. 

lUyniig (1!J4J ) identified the constant A as equal to hjkT, where h is tlie Planck’s 
constant, and k is the Bqitzman constant, T being the absolute temperature, 
while according to Fi'ohlich (1949), it is c/w^j, whore cis temperature dependent 
to some extent and Tr/w,^ is the average time jeqnired by an excited molecule 
to turn from one equilibrium direction to the other. As experimental investiga- 
tions seem to indicate that the constant of proportionality is dependent on IjT, 
Saxton (1952) has vTitton equation (1) in tho form 

T = A/T.e^Wfc2’ ... (2) 

It is evident from this equation that if values for the relaxation time are deter- 
mined at different temperatures, the energy of activation for dipolar rotation may 
be obtained. If a graph is drawn between log Tt and 1/T the slope of the 
straight line thus obtained gives Ej^jk. from which Er, the energy of activation 
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may be calculatred. The value of A may also be determined and compared 
with that {Jijk) derived by Eyriug, 

Dielectric; relaxation and viscosity of liquids are often treated in an analo- 
gous manner. The analogy between the molecular motion occurring in dipole 
orientation and that involved in the process of viscous flow was shown (1946, 
1948) by the similarity in appearance of the plots tor log against IjT to those for 
log T against IjT. If viscous flow is pictured as the movement of one layer of 
inoleciiles with rcsjiect to another layer (involvuig translational as \vell as rota- 
tional motion of the molecules) and E-^ is the activation ene gy required to pass 
over a hindering potential energy barrier, the folloAving relation is obtained. 

y ^ ... ( 3 ) 

Eyrmg identified B with the factor hNjV, where h is Planck's constant, N is 
Avagadro’s number and V is the molar volume. 

Whiffen and Thompson (1946) investigated the effect of temperature on 
dielectric relaxation b}^ carrymg out measurements of t in dilute solutions of Chlo- 
roform, Camphor, and four other polar substances in heptane. They used the 
linear relationship lietween the logarithm of the relaxation time and the reciprocal 
of absolute temperature for obtaining the energy of ac;tivati()ii. They pointed 
out, however, that a slight curvature to the graph, exjiected on the basis of Eyring’s 
theory, could not be detected due to msuffieient accuracy m their experimental 
results Their observations indicated further an approximate eiiuality ol Er 
and Ei„ w'lth Ey, exceeding E^ by an amount up to a few hundred calories. 

Using the arc plot method for obtaining the relaxation times at different 
teniperatures, Smyth and his (;olla]iorators (194S) also investigated the absorption 
of certain organic halides, and obtained values for the energies of activation for 
dielectric rtdaxatioii as well as viscous flow. 'J'hcy further observed that the 
curve for plotted against the number of carbon atoms m the nmleciilar chain 
is rather similar in form but somewhat lower than the corrosponding curve 
for viscous flow. The ratio EjjEjj was close to 0.6 over the range of liquids 
investigated, and this difference (between and A\) is attributed to the fact 
that dielectric relaxation primarily requires molecular rotation, while viscous 
flow requires translation in addition to rotation. The effect of temperature on 
fhe distribution of relaxation times was also considered and it has been observed 
that the distribution parameter a decreases with increasing temperature. 

Saxton (1952) used the linear relationship between log Tt and IjT for esti- 
mating the height of the potential barrier ui the case of Methyl and Ethyl alcohols 
and vater. Though a linear relationship Avas observed between log Tt and IjT 
in the case of Methyl and Ethyl alcohols, a curvature was observed in the case 
of water. Similar result was observed for wa.er when the log // versus 1/T plot 
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was studied. However, for all these three liquids, the relationship between log 
Tt ans log 7 / was a perfect straight line with slope unity, showing that Ej and 
Er, are identical. 

Gopalakrishna (1958) cairied out experiments in dilute solution on benzo- 
phenone, Ethyl benzoate, and a-Jiitro napthalene in heptane and on ethyl adipate 
in both heptane and decaliii. Jt was observed that in all the eases, the plot of 
log Tt against IjT was a straight Imc indicating that Ey is a constant indepen- 
dent of temperature. He also calculated the value of the factor A at each 
temperature from equation (2) using the value of E-r obtained from the slopes of 
the plots of log Tt against 1/7’. It M'^as observed that the values of A are fairly 
constant for each liquid, and they are of the same order of magnitude but not 
in agreement with the value predicted by Eyring. 

A study of these observations on the effect of temperature on dielectric 
relaxation indicates that Eyring's theory on dipole rotation is yet open to 
discussion and a good deal of experimental data are needed before any attempt 
is made to draw definite conclusions on this subject . It would be of interest 
to investigate a number of points (1) whether the factor A is a constant and same 
for all hquitls, as suggested by Eyring, being equal to hjk (2) whetlier the value 
of A obtained from equation (2) for a particular substance is the same for the pure 
liquid and in solution (3) whether Er and E,j are equal or diffoient (4) whether 
the same type of relation between Er and Efi exist in solution and for the pure 
liquid as well etc, 

A systematic investigation is therefore ('onsidered essential to have a better 
understanding of dielectric relaxation as a rate process. With this purpose the 
author has undertaken a programme of studying the temperature variation of 
dielectric relaxation for a number of molecules of different sizes and shapes, both 
in pure liquid state and in solution over a range of temperature and frequency. 
It IS necessaiy in such a w'ork to determine t with as high an accuracy as is possible. 
Perhaps Cole and (dole's method based on measurements at different frequencies 
IS the most suitable In the jirosent v ork, however, as a first step, the method of 
Whiffeii and Thompson is adopted and six molecules arc investigated. Values 
of relaxation time arc determhied hi the temperature range O'^C to 80"6' from 
measurements at a shigle frequency. is obtained in each case and compared 
with the E,j values for viscous flow'. The factors A and B are also determined 
and compared The inolecuios investigated are chloro benzene, chloro toluene, 
diohloro toluene, methyl butyl ketone, methyl amyl ketone and methyl phenyl 
ketone comprising three aromatic and three aliphatic compounds for which such 
data have not been recorded previously. 

K X F E K I M E N 'r A b 

All the measurements w^ere made at a wavelength of 1.22 cm using the standing 
wave method of Roberts and von Hippel (1946). n-Hoptane was used as the 
2 
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iionpolai' fsolveul liecauMe of its Jow freezing point ajid high boiling point. The 
De>)ye ectuation for the foin))lcx dielectric constant t* as a function of frequency 
for a dilute solution of a polar compound in a non-polar solvent is given as 


t* — 1 _ ft*- -I 47rnii“ 1 
c*-\-2i t„-\-2 \)kT l + icoT 


(4a) 


with the usual noLatiou, n being the number of dipole inoiecules per c.c. 

From this equation, by separating the real and imaginary ])arts, the dieloc}- 
tric constant c' and loss factor t" of ilui solution, are given by the relation 


life" ^TTlb/l- tor 

(jtr\2f\(-r-^sskT r+tov^ ■■■ 

may be neglected in conqiarison with {t' h2)“, so that, by rearranging, equation 
(4) may be written as 


tan 6 — 




21IcT 


tor 


... (5) 


(/ only changes from 1.1) to 2.0 so that the factor may be taken as inde- 

ft ' * 

pendent of tempei'aturt^, changing only Ji om 8.0 to 8.005 over the range of tem- 
peratures investigated. Ileuriting this equation 

T tan S _ (fe'd 2)- 4ttNijl^ tor 
c (! 27 A; 1 -l-(o“r“ 


T tan S Y' 

c 1 + 


(0) 


where X = 


(</H-2)‘-i 47riV//2 

fc' 21k 


IS a constant indopeiident of temperature. 


The grapji of against temperature shows a inaximu nr when tor = 1, 

c 

so thai^ the value ol r at that particular tcmjieraturc is 6.5 x sec. (at 1.22 cm, 
tor ^ 1 when r ™ 6.5 X 10“^- .see.). At any other tomiicrature the ratio of the 

* value of to its maxiiimm value wull be in Avhichr is the relaxation 

e I + war- 

time at that temperature. The values of r at various temperatures may thus 
be obtained. The choice between the two possible values of r for one value of 
this ratio is determined by exaniiniug whether tlie temperature is above or below 
that corresponding to the maximum value. This was the method used by Whiffeu 
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and Thompson in their experiments. A similar procedure is adopted in this 
investigation. 

The value of the dipole moment is obtained from the maximum value of 
T tan Sjo, since, according to equation (6), it is then equal to X/2 from which fi. 
be evaluated 

The experimental set-up is that conventionally used eansistijig of a Raytheon 
typo 2K 33iJ klystron oscillator with a frequency range 22,000 to 25,000 Mcja, 
and is Fed by the klystron signal source of the Rpeny Gyroscope Oompaiiy (Model 
555). The klystron is followed by a variable attenuator, a matching unit, a stand- 
ing wave indicator, and a silvered dielectric cell The cell is Tiiountcd vertically 
to facilitate mtrodiiction of the temperature baths without disturbing the main 
set up A Dewar flask is used to contain the temperature baths (hot water, ice). 

The dielectiic cell is designed with two long vortical side tubes for introducing 
the liquid and is separated from the. rest of the set iqi by means of a mica window. 
This mica window also mmimises the effect of evaporation at higher temperatures. 
A piece f)f M^aveguide connected between the standing wave indicator and the cell 
rediused to a gi-cat ext/cnt the traimfer of heat to the crystal In addition, a stream 
of air was blovm contuuiously at the extension guide to prevent, it from getting 
heated or i-oolcd. 

The accuracy of the measurements of tan is estimated to be within 
while the lelaxatioii times are accurate to within -L'5%.. 

All the .substances were supiihod by Light and Go. and wei’c IVeshly distilled 
before use. 


It -E S XT L r s 

The experimentally obtained values of tan d at different temiieratiiros together 
with the values of T tan (5/c, t, log Tt, and 1 fT obtained on calculation are given 
in Table T. The weight fraction 'iv of the solute for each liquid is given in brackets. 
In Table TI values of ji and t obtained from this investigation (at 20°C) are given 
along wdfch the literature values at the same temperature as far as these are 
available, for comparison. The results are in good agreement. 

Graphs of log Tt against \jT for each liquid are drawn and obtained as 
straight lines, indicating a linear relationship (refer hgui’c I, for Chlorobenzene; 
the others are similar and not shown). Both Ej and A may hence be regarded 
as constant and independent of temperature their values being obtained 
from the slope and intercept respectively of the straight line. The inrlividual 
values of A for each temperature for all the molecules are also calculated and 
shown in the last column of table 1, to illustrate the constancy. The variations 
in the values are considered to be wdthin experimental error. The mean values 
of A are shown in table HI, 
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30 3? 3i1 3 

X 1«« 

Fip. 1. Plot of log T T vs for ohlorobonzono 

It is seen that these are widely divergent from the calculated value from 
Eyrmg's expression h/k, which comes out to he 4.8 X 10“^^ A similar feature is 
seen in the case of methyl and ethyl alcohols for which Saxton's experimental 
results are 41x10“^^ and 17x10"”. Though these are observed to be fairly 
constant over the temperature range — 10“C to bO^C they are much greater than 
Eyring’s value. In this particular case the large deviation may be the effect of 
association. Gopalakrishna’s oxperimejits also have led to the conclusion that 
the experimental value of A is larger than hjk. Tt will be of interest to investigate 
whethei- A will be the same or different for the pure liquid and dilute solution. 
Experiments on these molecules in pure liquid state are in progress. 

TABLE T 


Temp. 

"C. 

tans XlO-3 

c 

TX1012 

HOC. 

log 2V 
(+10) 

i Xio. 

A 



(1) ChloTo benzene ( 

w = 0.0703) 



0 

0.0264 

16.81 

12 6 

1 539 

3.66 

10.67 

10 

0.0272 

18.27 

10.8 

1.486 

3 63 

10.67 

20 

0.0277 

19 45 

9 3 

1 435 

3.41 

10.04 

.SO 

0.0275 

20.16 

8.2 

1.396 

3.30 

10.40 

40 

0.0269 

20.63 

7.1 

L 348 

3.20 

10.84 

45 

0.0263 

20.73 

6 5 

1 . 335 

3 . 15 

10 72 

50 

0.0257 

20.69 

6.2 

1.304 

3.10 

10.64 

60 

0.0244 

20.46 

5.6 

1 .261 

3.00 

10.91 

70 

0 . 0227 

19.89 

4.8 

1.219 

2.92 

10.09 



(2) 0-Chloro toluene {w — 0.0865) 



0 

0.0194 

10.29 

15.9 

1.638 

3.66 

12.75 

10 

0.0208 

11.67 

13.4 

1.676 

3.53 

12.60 

20 

0 0215 

12,67 

11.6 

1.53] 

3.41 

12.65 
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TABLE T (contd.) 


Temp. 

"C. 

tan 6 T ® xlO-'i 

c 

T X1012 

soc. 

log T T 
(H*10) 


A X 1011 

30 

0.0218 

13.33 

10 2 

1.491 

3.30 

12.88 

40 

0.0217 

1 3 . 97 

9.0 

1 . 452 

3 20 

12 . 97 

fiO 

0 0215 

14 . 45 

7 9 

1.411 

3 10 

13 03 

60 

0.0210 

14 72 

7 0 

1 .368 

3 00 

12.91 

60 

0.0207 

14 77 

0 5 

1.341 

2.96 

12.68 

70 

0 0202 

14 75 

0 2 

1 327 

2 92 

12 70 

SO 

0.0100 

14.54 

5.4 

1.281 

2 83 

12 47 



(3) 2,0 Dichloro toluene {w ~ 0.0767) 



0 

0.0102 

7 . 75 

12 9 

J .549 

3 66 

9.86 

10 

0.0107 

8 55 

10 8 

1 . 486 

3 53 

9 . 65 

20 

0 0108 

9.08 

9 3 

1.437 

3 41 

9 71 

30 

0.0107 

9 43 

8 2 

1 . 397 

3 . 30 

9 48 

JO 

0.0104 

9 . 65 

7 2 

1 . 352 

3.20 

8.92 

45 

0 0102 

9.7J 

6.5 

1.331 

3.15 

9 42 

50 

0 . 0009 

9 68 

6 3 

1 309 

3 10 

9 . 43 

00 

0 . 0004 

9 01 

5.6 

1 269 

3 00 

9 . 46 

70 

0,0088 

9 35 

4 9 

1 226 

2 . 92 

9 00 



(4) Methyl 

n-butyl ketone (w’ --- 0.02952) 



0 

0 0425 

53 . 69 

10 1 

1 441 

3 06 

11 14 

10 

0 0432 

57.49 

8 2 

1 . 367 

3.53 

1 1 . 06 

20 

0.0422 

58 56 

6 9 

1 306 

3 41 

10 82 

20 

0 0412 

59 14 

6 5 

1.286 

3 . 35 

10.54 

30 

0 0403 

59 . 00 

6.0 

1 259 

3 30 

10.73 

40 

0.0379 

58 15 

5.4 

1 . 226 

3 . 20 

10 82 

50 

0 0355 

56 82 

4 9 

1 196 

3 10 

10 84 

00 

0 0325 

54 68 

4 3 

1.158 

3.00 

10 73 

70 

0 0200 

52 38 

3 9 

1 128 

2 92 

10.87 


(5) 

Methyl n-mnyl ketone (w 

- 0.03480) 



0 

0.04144 

51 34 

10.6 

1.459 

3 , 66 

11.20 

10 

0 . 0424 

54.89 

8.8 

1 . 399 

3 53 

11 04 

20 

0.0421 

56.97 

7.5 

1 343 

3.41 

10 96 

30 

0 . 0407 

57 62 

6 5 

1.293 

3 . 30 

10.86 

40 

0 0387 

57 37 

5 . 9 

1.266 

3 20 

10,94 

50 

0 0365 

56 33 

5 2 

1 .227 

3.10 

10 91 

00 

0 0340 

54 66 

4 7 

1 191 

3.00 

10 91 

70 

0 0320 

.53 09 

4 3 

1. 108 

2 92 

11 19 


(6) Methyl phenyl ketone («’ 

0 0335) 



0 

0.0383 

50 71 

U.4 

1.594 

3.60 

12.11 

10 

0 0403 

56. 18 

12.2 

1.537 

3 . 53 

12 , 05 

20 

0 0414 

60 50 

10.5 

1.488 

3.41 

12.05 

30 

0.0417 

63 . 93 

9.1 

1.442 

3.30 

12.08 

40 

0.0409 

66 12 

8 2 

1 403 

3.20 

12 19 

50 

0 . 0402 

67 . 47 

7 1 

1.361 

3.11) 

12.13 

55 

0.0397 

67.78 

6.5 

1 . 345 

3,05 

12.25 

60 

0 0391 

67 74 

6.3 

1.324 

3.00 

12.19 

70 

0.0368 

66.95 

5.5 

1.278 

2.92 

11.94 
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TABLE II 
Temperature ~ 20°C 


Toinporaiuro 20'’C'. 


ProHont inveHtiKaiion Literature 

Substanre — - — — 



r X 1 0^ 2 soc. 

IID 

T X 1012 HOC. 

liD 

Ohloro linnznnf* 


1 i5S 

S.O 

1 . 56 

o-Oliloro tolupiK' 

11 .6 

1.34 

IJ.l 

1 . 33 

2,6 DioMoi’o tnluonr* 

n :i 

1 .00 


1 . 00 

Mothy] ?i-l)ui-yl kot-oiu' 

(5.0 

2.69 


2.72 

Mothyl /)-amyl kotorip 

7.r. 

2 66 


2.72 

Motliyl phonyl kotom' 

10 r, 

2 . 8.T 

9 6 

2.8S 


TABLE HI 


Substaiift' 

Et 1 01 ovRs 

Elf ■< 1 ()i 2 orRH 

A X ion 

/i>10^= 

Chloro bonzenp 

1 3J 

1 3(5 

10.7 

14 5 

0-riilouo tollUMU* 

1 33 

1 3(5 

12 0 

1-1.5 

2,6 Diohloro tclucnc 

1 . 35 

1 3(5 

0 7 

14 5 

IWislbyl w-butyl kptono 

1 10 

1 3(5 

10.0 

14 5 

Mothyl n-ttiiiyl Icotono 

1 22 

1 3(5 

11 0 

14 5 

Mothyl phonyl koi.ono 

1.31 

1.36 

12 1 

14. Ti 


Table TTI contains also the values of Ej determiiied from the slopes of the 
linear plots for Ihese molecules. Whiffeu and Thonii)son determined Er assuming 
Eyring’s expression for A. The author has preferred to adoiit the values derived 
from the graphs. In column (2) and (4), the values of E,, and B are shown. These 
are derived from the data on the viscosities of heptane at different temperatures 
(taken from the table of “ Physico-Ohemical Constants”, Timmornmns). Though 
Elf and Et are apiiroximately the same, Er is lower than E^, particularly in the 
case of aliphatic molecules. This feature is consistent with the explanation 
proposed that while viscous flow involves both rotation and translation, dipole 
orientation involves only rotation. Smyth and others (194S) also made the 
same observation from their experiments on certain halides. 

The value of B is found to be 14.5x10"® which is much greater than A A/ F 
(Eyriiig's expression) calculated at 20‘’G, which comes to 2.7 x 10"®. Saxton’s 
values of B for methyl and ethyl alcohols arc 8.7 x 10~® and 4.5 X 10“® respectively, 
compared to the calculated values of 10 x 10"® and 6.9 x 10“®, 
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Further investigations on these and other different molecules in liquid and 
solution conditions arc in progress and will form the subject of subsotpient 
papers. 


A C K N O W ). E D G M E N T S 

The author is deeply indebted to Prof. K. H. Rao for his kind and valuable 
guidance throughout the progress of the work. He is also grateful to ihe Govom- 
nicnt of India for the award of a scholarship. 

J{. E E E K ENG E S 

H., (JllasHtoiK', S. ami Liujllcr, K. J , 1041, Tlie tlmory ol iiilt’ jjroucifiH, A^oi'lc, 
JMc-Graw -Hill C^n., |jj). ."i48 

t’rijJilicIi, ,11. , 104!), Thcniy of Iholpi-lrjf'H, (^larcMidoii T’l't'ss. 0\foiil, pj) HU 
Gopala. Kiislina, K. V , lOns, huL J Phij.s., 32, 387. 

Kobni iR (iml von JS)4(i, J. Apfil. Phijt<., 17, 010. 

Saxlou, ,1. A , Pi'ov Roif, Soc., 213A, 473 

Muiyllj, P.. IJonuolly, E. 4. and IIphIou, VV. M , lOlS, J. Anicr, P/irin. (S'oe,, 70, 1 1U2, 
WhifTon, D. Jf. and Thompson, H W., 15)46, Trnna Farad. Hoc,. 42A, 11-1. 



62 


APPLICATION OF SCHWINGER'S ACTION PRINCIPLE 
TO QUANTISE A FOURTH ORDER MESON FIELD 

S. P. MISRA 

Mathkmatics Depahtmknt, R Colleoe, Cuttack 
{llecvimd, September 22, 195n) 

ABSTRACT. We have hero iijjpliutl Schwiiiger’a Action Principle to tlic case ol' a 
foui'th order iiioHon oipiation propoaed by Bhabha and ThiiTing. The result obtained thus 
18 not new, but tho method illustratea with tlio siinplest model the difliculties of upplymg 
Action Principle when the Lagrangian contamH even the second oidcr donvativta of the field 
ojiorator, and gives a concrete and complete example of the generahaation of the Action 
Pi'inciple when the Lagiangian contains higher order derivatives as given by the author in 
a rocont paper. 


1 N T R O D U C T I OiN 

'I’hc fourtli order meson equation proposed by Biialiha (1950) and Thirring 
(1950) has been considered in some detail, including field quantisation, by Thirring 
(1950). Hero, however, we shall employ the general Action Principle of Schwinger 
(1951, 1953) in quantising this field, and obtaining a synnnetric energy-momentLim 
tensor of the same The result obtained thus is not now, but the method illus- 
trates \^'ith the simplest model the difficulties of applying Action Principle when 
the Lagrangian contains even tho second order derivatives of the field operator, 
and gives a concrete and complete example of the generalisation of the Action 
Princqilo when the Largrangian contains higher order derivatives as given by 
the author in a recent paper (Misra, J959 ; hereafter to be referred as Pi). 

Tho above meson equation has been found useful in explaining anomalous 
magnetic moments of nucleons (Misra and T)eo (1956) and is interesting since it 
gives rise to convergent contributions in many physical processes which involve 
meson propagator. The fourth order calculations of the matrix elements for the 
nuclear forces with this fourth order meson equation also gives jise to many 
conclusions of theoretical interest (Misra ..., to be pubfished). 

The free field fourth order meson equation is 

(□ -kWW = ^ - (1) 


whore 


520 



Application of Schwinger's Action Principle^ etc. 521 

Equation (1) can be obtained by using the invariant Lagrangian density 

^ ... (2) 

which gives us the Action Integral for any two space-like surfaces and (7g 
as 

1^12 = I L{x)d^x. 

This gives us, when the field equation (1) is satisfied. 

... (3) 

where, by equation (15) of PI, 


F((t) — -f* LSxti] d(Tft,. ... (4) 

n 

In the above, by equation (13) of PI, 

aL . 

... ( 6 ) 

and 

_ dL 

“ a(a.d.^) 

=-^, ••• (6) 


COMMUTATION RELATION 
Let us now substitute 


TTjp) ^ n^TTii — — 


and 


^(00) — = !/«“□ (/>. 
Then, by equation (23) of PI we obtain, 

= n^{rrn—d^,>7rft.p) 



(T) 


— niiTTn — 7T(q) 


( 8 ) 
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ajid 


^ ^(00) 


Hence equation (27) of PI gives us 




... ( 9 ^ 

... ( 10 ) 


and 

|a'»V(*),/{7r,„,(j:')«„9i(y) -7r,„,(»')i4(a''»>)^(*'))}|«fo-(*0=>*o('’'"¥W - (11) 

Heuce, nHiug Bijuatiou (31) of I’l, we obtain, with tlie notatiou iS„(a:— .r') — 
W(*). ’rioi(*')'*o?l(*')J = 

and ^ 

l(4(a;). ’f«H,)(a-') i,(a''»'0(*’))j 

= |3‘"V(»). 'f(oi(®')^o^(-e')l = «• ••• (12’) 

When we take 

= [dt®>^(*), <t>{x')\ 

•-■which liavc to be satisfied if we assume that the variations of tlie field operators 
alloiied are siu-h that the coinnuilators or their derivatives do not change, then 
wo obtain the coiuniiitation relation.ships for space-like separation of the points 
X and x' as 


L0(-^). ^(0)(.T')J - 0 ... (J4) 

and 

L?i(iK), 7r(o)(^')l = (aJ-a;'), 

Ld<«>^6(.r), 7r(o„,(a'')l - ... (1.5) 

'Heiic^j making use of equations (7) ue obtain the eonmiutation relations for space- 
like separation of the points 

; ' ... L9i(.t), • •• 2a'""5S(*') + 5''«'D'^(a;')] «„(*-*')„ 

L9)(^). - □' (4(*')J = 

L5'"V('''). - 25''»i?S(a:') -I- S'<«>n' ^(x')] =. 0 
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and 


□' 56 (x ')1 ... (16) 

Let UH now' put, for miy t^vo space-time jjoiiits r and ?/, 

W-r), 0(y)] - 6'(^ - ?/), ... (17) 

where the right hand aide is a function of the differences of the coordinates since 
it has to he invariant under Iranslations. Using this, w'e olitain that in equations 
(1(5), Avhilo operating on the commutator and . 

Also, since is sufficiently stationary at any point of the surface, 

Hence, by straight-forward simplification, equations (16) W'ith x and 
x' having space- like separation, reduce to 

- r') -- -- M,,ix -- :r'), 

- x/) = □ r{x - a-') -- 0. ... (18) 

and 

2(a'«i)a(7(x -■ r') - (l») 

Our equations now are sufficiently simple for us to obtain the value of C{x—y) 
for arbitrary separation of the points x and y, which we had been unable to do 
in the general case of PT. For this purpose, we shall use the solution of the field 
operator in terms of the advanced and retarded Green's functionB of the field 
equation (1) (Jauch and Rohrlich (1956)). The equations that these Green's 
functions satisfy arc 

(□ - - ^') ■■■ ( 20 ) 


where 

and 


— a;') = 0 wdien 


(r^{x — x') ~ 0 when x\ < ... (21) 

Replacing x by x' in the field equation (1) and using equation (20) we obtain, 
fJ"! 


<^1 
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where (r^ and (Tj are two space-like surfaces with later than x and earlier 
than X in time, such that the point x lies between them. To simplify the right 
hand side of equation (22), we first note that 

= - x')n 0(x') 

+ □' ^R.Ai^ “ O^Jx - x')<j>{x')] ... (23) 

and 

(^rJ^ - *') □ V(®') - □ Gr,a{^ - 

= “ x')d\<l>{x’) - dV(?fl,^(a! - x')0(a;')l. (24) 

We apply Gauss theorem to the right hand side of equation (22), and use the 
invariance of Green’s functions and the equations (21). Those Green’s functions 
vanish for space-like separation of the points x and x’, and thus the integral j over 
the surface joining tr, and (Tj for infinite space-like separation also vanishes. 
Hence we get, 

i>{x) = j" [OR,^{x-x’)dy:n 

■hD '^RfA^^ '^R,A^^ af’)0(x ) 

— 2k2Gjj ^(ic— x')5V0(®')4-2'<®5'^G;j^^(x— x')^(x')]62tr^(x') 

— I (the same integrand) d(T^(x'). ... (26) 

0-2 

In solution (26) of ^[x) in terras of the surface integrals, on using equation (21) 
for advanced and retarded Green’s functions, we obtain, 

^(®)= j IG.4(®-»')3 m'D ^(»') 

-2«*G>^(i-j;')5,.V(»')+2«<“a,.'ff^(a:-a;')^(ic')]*r*(*') ... (26) 

= — I (thei same integrand with replaced by (?„) .-■ (27) 

0’s 

We now substitute 


Q{x—x') = 0j^{x—x')—0^{x—x*)^ 


( 28 ) 
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such that, on the surface cTj, G = —Q^ and on the surface tr,, 0 = 6?^. 
we obtain for any surface tr which does not contain or 

(j){x) J [0{x~x')d/\J'(l)ix')—d/G{x—j;')[y(P{x') 
cr 

4- [2'0{x—x‘)(j>{x') 

—2K^0{x—x')dfi'(j>{x')-\-2K^dfi'0(x-~x')<j)(x')]d(r(i{x') 

Let us now assume that the above space-like sm’face tr contains the point y. 
we get, by equation (29), 


<T 

^d/aOix-x'Uix'), (f>{y)]-\-2K^O{x-x')d/[(f,{x% 0(y)] 
—2K^d/0(x—x')[</>{x'), (ft{y)])ntt{x')d(r{x'), 

which on rearrangement becomes, by definition (17), 

G{x-y) 

(7 

~d''0'O{x-x'){-n'G{x'-y)-2KK}{x'-y)) 

- a'a(x-x')d<'>'G{x'-y)+d'<'>' a'0{x-x')O{x'~y)}d(r{^')- 
Using equations (18), the above relationship reduces to 

C{x-y) = 0{x—x'){iK^S^{x'—y)}d<r{x') 

O’ 

such that 

C{x—y) = iK®G(a;— y) 

We shall now write down explicitly the retarded and advanced 
functions as contour integrals. We have, 




^i(k . X —kQXQ) 


d^k dk^ 


Hence 


.. (29) 
Hence 


... (30) 
Green’s 

... (31) 
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where the contour (Jj^ is clofiiierl by hpure la in the complex A;,, plane. This can 
be easily .seen when we notice that 


M 


over an Lifinito .semi-circle in th(‘ upper half plane vanishes when Xq < 0. Hence 
by Oaucliy’s theoicin the right hand side of equation (31) vamslics when Jq 0, 
which correspomls t(» the fir,st of ecpiatiouR (21). We can write m a similar way, 
with defined liy figure la. 




“1 [ /*■«■«<») 

{‘lit)* ] 


d^kdk^ 


(32) 


which can be shown to satisfy equation (21) l>y considering the vanishing of the 
above integral over an infinite semi-circle iii the lower half complex k^ plane. 




Thus we have, 


Fip. 1(b) 


^{x) - 


J 

(271)^ 


. x—koxn) 

(P+k2)* 


d^k dk^, 


(33) 


where (■ is the contour of figure lb. Ijitegrating for k^ this result gives us, 


^ 2(^* i «»* *r(ua!o) eoB(<.)i„) - Bm(oa!o)] ... (34) 
« = + + K* ■ 


with 
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We can now verify that C(x—x') = G(x—x') HatisfieB equations (18) 

and (10) for apaoe-lilce separation of the pomts x and x'. This is directly demons- 
trated when we evaluate the loft hand side of the eovariant equations (IS) and 
(19), substituting: the value of f'(3- -x'} according to equations (110) and (34), and 
then proving the validity of oquations (IS) and (10) with the special cooviiinatc 
system a:',, = 0 Kquation (10), whiiflv was not used to deduce equation (30). 
may be specially seen to be satisfied 

K N E JUi Y - M () M E N T I’ M T E X S () H 

We can also obtain the energy-momentum tensor for this particular case 
from the generator F{(r) on the surface cr Eor this purpose ue first recollecit 
the ecpiaiion 

F{(t) = i[7Tf,fiQ(j> \ -+ \dtT^ 

(T 

Nov^ let be the total variation of ^ duo to the lutrmsic variation on the 
surface rr and also due to a rigid displacoment of the siirfaoi’* by dxfj, Then we 
have, 

-f - i>ix) ^ 4 (d«0)(J.n ... (36) 

such tliat 

d,.((5^) d A0) t -\ (d«9^)(d,((5:r,)). ... (30) 

Hence, using the above two equations we obtain, 

F{(t) ~ -f LSXfi - 7T^{dy(/>)fix,, - 7T^t,{d^d,,<lf)dx,, 

■ TTftr{d,,(f))dy{dx^)]d(r^ ... (37) 

We now note that for a rigid displacement of the surface, since two neigh- 
bouring pomts on the original surface and on the displaeed surface vdll remain 
at the same distance, wo shall have, 

d4d.r/x) + ^0 ... (38) 

But the above is the condition that the tj-aiisforination — ,1^ H- Sx^, is 

an infinitesimal J.(0rcnt55 transformation. This gives us the ecjuivalenee of the 
rigid (lisyilacement to a Loreutz trauaforiiiation. 

Let us now consider an intmitesiinal Lorentz transfoiinatioii (or a rigid 
displacement) H- dXfi, and take the intrinsic variation Sq</> such that the 

total variations and vanish. Then, lor such intrinsic variations, 

the field operators will remain the same on the surfaces cr ami o' H- AV. The 
expression for the generator on the surface cr now becomes 

— 5 - n^{d,,(f>)dXy ~ n^^{d„di;(lf)8xy — 7r^,Xd„<l>)d^{Sx„)]drr^ ... (39) 
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The above formula does not contain any spin-dependent term since have taken 
a scalar field and thus the formula (35) did not involve any expression for the 
ohanpe due t.o a rotation in the coordinate space that the Sx^ contains. 

The expressi(ui (39) on the right hand side riepends only on the transformation 
or displacement given by dXfj, It also involves an integration over cr of functions 
of field operator However, since the total variations d</> and are zero, 

these field operators do not change for an infinitesimal displacement of the surface 
and hence remain the same for a succession of such displacements of the surface, 
A succession of such displacements is equivalent to a number of infinitesimal 
Lorentz transformations, under which our theory is invariant. Hence the gene- 
rator F((t) given by equation (39) is the same for all surfaces, and depends only 
on Sxfi . 

Tn order to obtain a symmetrical energy-momentum tensor, we need at this 
stage some further manipulations similar to the treatment of the term due to 
spin by Schwinger (1951), Equation (38) gives us 

7T^^(d,(l>)d,{dx„) i 


where 

Xmkv = [rriUdp<i>) - ... (40) 

We now define 

— Xhiii' H" Xi'kfi ™ Xiihf "I" XKuti~\~XvHti 

Clearly, 

fKfiV — fukVi •’ ( 42 ) 

and 

=f,iHvd^[Sx,). ... (43) 

Using equations (6) and (7'), we now obtain, by equations (40) and (41) and on 
simplification, 

tiv{d (44) 

Consistent with earlier notations, let the suffix (0) denote the normal component 
of any tensor at any point of the surface and the suffix {t/i) denote the tangential 
component of any tensor at any point of the surface. Then we have,— 

J loo'll = J d^{f{Q^fi„dx,,)da' 

(? o 
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provided that vanishes sufficiently rapidly at the boundary of the 

surface (r, which we assume to be the case. Flonce in equation (39) we obtain, 

J 7r^,{dt4)d^{Sx,.)d<T^ = J fuHvdA^x„)d(T^ 

a a 

= J ^hiffH!v)^x,,d(Tfi — J d^{j^ji„)6Xf,diTfi 
IT a 

and thus we finally get, 

I S T,t,6x,dcrfi ... (46) 

>\'^heie 

^7r^(5^^A)+7r^,,(dA9i)H-a,,(/jfc^,,)-Z,^^,,. ... (46) 

This gives us, on substitution of the values in our paitic ulav case, by equations 
(7), (7') and (44), 

<j,,. [- ''2 ] 

-I lA(d^U^)(d,.<l>)^ ■■■ («) 

The above Tf^,, is obviously syinmetric in ft and v, and u e shall presently see that 
it represents the energy-momentum tensor. Foi* this purpose, let 

.1. (4S) 

be the infinitesimal Lorentz transformation associated with the rigid displacement. 
'J’hen the inomentuiii and angular momentum operators are defined by (Jaueh 
and Rohrlich (1955) p.l2) 

U — = I i*^l'A^7',\) 

where the state- vector transforms by the unitary operator l >, and thus we have, 

K =-F,^{ct) - P,.{a)6„ + 4 e/..,(o-)t,x, ... (49) 

Avhere the total energy -momentum four-vector is given as 

F,.{(r) S ... ( 50 ) 

rr 

and the total angular inomentuin tensor is given as 

~ J ^ nvyfto' fi ... (61) 

IT 


4 
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■\vitli 

^Ui‘\ ... (52) 

The eonnervation lawH folJow from the earlier remark that the generator F^xi^) 
is imlependont of the surface <t, sinee a diplacemont of the surface is equivalent 
to a Lorentz traiisforination, and tuir theory is L()rentz invariant. 

Here Ave may note a difficulty of this theory The energy density of the field 
For a flat surface t ^ — const, is given as 


- 2" j (□?»)( 2 (V 1:1(4) (v?») - m 

The above expi'ession is yiot a positive doliniie function of the field operators. 
This leads to the suspicion that this theory may load to inconsistent results 
associated with “ghost” states However, such states are known to exist in the 
exact Holntions of the semi -i el atavistic Lee model (Kallen and Pauli, 11155) and 
are also suspected to bo present even in quantum electrodynamics (Landau, 1955). 
Since this defeoi seems to be rather a persistent foaturo of field theory, we consider 
if worthwhile to see the effect of this theory on nuclear forces when the mesons 
occur in the virtual states. This might bo interesting since it has been x>ointed 
out by Perreti (1958) that it is possible to eliminate negative energy states for 
real particles in case of Leo model. 

In any case, this is an interesting application of Action Principle to the 
case when the Lagi’angiaii contains second order dorivativ(*s of the field operator 
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A SHORT NOTE ON THE CRYSTALLINE ELECTRIC 
FIELDS IN HYDRATED Co"+ SALTS 

A. S. OHAKRAVAUTY and K. CHATTER, TEE 

PlflrAItTMENT OF MaONETISM, INDIAN ASSOOIATION FOTt THlfl CULTIVATION OF SriJCNT T' 

CAJ.CtJTTA-32 

(lieceived, November 10, 1050) 

ABSTRACT Tbe papei a jjroliiunittTy accouui of tlu* tlicoi-y of tlie HTtHcoptibility 
and aniHoiTn))y of liydi-ak’d Co-' salts usmp Abragaiu and Pryws’e Hamiltonian, It, is soon 
that the oxpprimenial amsotropios and susooptiliilitios can bo well tittod with theory on tho 
aBSumption that the anisotrojhc iTystalline electric field chnnpoH quite appreciably from .salt 
to sail, and wd/h temporature. 

The magnetic Huspectibilitv of Balts have been investigated by .Sehlapp 
and Penney (1932) on tbe basis of Van Vleck’p (1932) theory of crystalline electne 
fields, 'rhis investigation, however, assnines a single Co**-' ion in the unit cell of 
the salts and deals with only two extreme eases of the magnitude of the asymmetrie 
part of the oleolrie field as compared to the spin -orbit coupling Ilryn (195(1) 
lias recently attemiited to explain the experimental principal suscoptibilities of 
(Jo(NH|S 04 ) 2 ,fiH;jO crystal (Jackson 1924, Bose 194S) using themethod of Abragam 
and Pryce (1951 ). The mam drawback of this attempt is that it takes into (‘onsi- 
cleration only the three lowest Kramer’s doublets, and contains a serious mistakii 
m the fundamental assumptions regarding the encigy levels 

On the basis of the limited X-ray structural data (Hofmann, 1931) and para- 
magnetic resonance data (Bleaiiey and Ingram, 1951) on the 00^“^ Tutton salts, 
we have assumed aii approximate tetragonal symmetry of the (Co*-'', bH-^O) 
octahedron of which there are two ion,s in the unit cell, with the tetragonal axes 
incilinod at 34° to the ;]\;j magnetic axis of the crystal, and following Abragam 
and Pryce’s method have developed a general ex:pression for the susceptibilities 
of tbe Oo^-^ ion in tbe crystals which is a complicated function of A, the tetragonal 
fields plitting parameter, a and a', the effective Lande splitting factors in the 
crystals and f the spin-orhit coupling coefficient. 

We find that in order to fit the experimental principal susceptibilities and an 
isotropies (Jackson, 1924; Bose, 1948), it is enough to take a, a' to be more or less 
the same in each of the different salts but A is quite different. Moreover, for a given 
‘ salt A is found to vary appreciably with temporature in the entire range studied 
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(Table T). Similar variatiouH in A have boon observed by us in Ti“+ oaesinm alum 
(Bose et al, 1959) and to a smaller extent iu Cu2+ (Bose et al, 1957), Ni‘*+ (Bose 
et al, 1958), 0r®+ (Dutta Roy, 1956) and V®* (Dutta Roy et al, 1959) salts and are 
ascribed to the changes in structure from salt to salt and due to thermal expansion 
of the lattice. It is interesting to note that ^ is the same for all the salts and 
has the same value as for the free ion, indicatmg that the covalent overlap of 
3(i.orbitals of the Co2+ ion and the s-and orbitals of the surrounding water 
oxygens is negligible (Owen, 1955). The values of A, oc, at' are found to be different 
from those obtained by Abragam and Pryee (1951). Owing to very short relaxa- 
tion times ill the Co^+ salts, the paramagnetic resonance values for and g^. 
could be obtained only at- « 20°K (Blcaney and Ingram) with which the theo- 
retical values are in reasonable agreement. 

We give below (Table 1) the parameters for the different salts taken to give 
the best fits of the theoretical square of the moments P|l‘^ and along and perpendi- 
cular respectively to the tetragonal axis of the Oo^ » ion at different temperatures 
with the experimental values (Table 11). In view of fairly large uncertainties in 
the existing experimental data, it is not very useful to refine the theoretical para- 
meters 

The details will be published elsewhere shortly. 

0 K 3SI O W L E (1 M E N 1’ 

The authoi's wish to express their gratefulness to Prof. A. Bose for suggesting 
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f/il 91. 
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f/i 

ro(NH4SO.,)2,0H2O 

1 .OH 

1 . 53 

290 

1030 

6.45 3.00 

0 2 

2 9 




n.'i 

1230 


(tor A = 

= 1250 




14.5 

1265 



Cm-i) 

Co(NH4BeF4)2,6H20 

1.095 

1,46 

296. 7K 864 

No resonance value 





185.8 
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86.8 
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Co(KSO4)..,0H2O 

1 . 24.5 

1.28 

300 
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6.56 2.06 

6.60 

2.71 
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300 


(for A 

= 720 




100 

320 



cm-i) 
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TABLE TI 


Oo(NH 4 S 04 ) 2 . 6 H 2 () 

Co(NH4BoF4)2.9H20 

Co(KB 04 ) 2 . 6 H 20 

T'’K. 

^11= 

Pi® 

T“K 


Pl2 

T“K. 

^11“ 


200 

29.22 

(29.19) 

18.78 

(18.75) 

296.7 

29.40 

(29.66) 

19.40 

(19.69) 

300 

29.31 

(29.49) 

21.88 

(22.08) 

77.2 

34.44 
(34 33) 

11.19 

(10.88) 

185 8 

30.39 
(29 58) 

18.24 

(17.66) 

200 

30.79 

(30.14) 

20.11 
(19 42) 

14.5 

30.12 

(29.80) 

7.05 

(6.65) 

86 8 

28 81 
(28 09) 

14.32 

(13.66) 

100 

29.31 

(29.23) 

16.66 
(15 19) 


Tlu' vahiea m tho pa.ronlhf’eiB iiidifato the experiiTionl-ol veBults. 
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INFLUENCE OF INTERATOMIC RESONANCE ON THE 
FREQUENCY OF RE-EMITTED RESONANCE 
RADIATION* 

« S. KASTHA 

Ul'TlLiS DkI’ARTMENT. InIUAN ASHUUIATION ITOR THIS Oot/nVATlON OK S( IJCM Jfi, CAI.C’UT'rA-H2 

[licce'ived, November II. 1959) 

ABSTRACT. 'J’Ir* iJiHRmuc' of rHdiations of ohtijigocl froquoncies, loportofl earlier, in 
i-hp of tho roHonaruc rndiuiion of .sodium and mercury filtered by tlie viqiour of the 

(■oncHiJoudiiiK eleiiieiit. lijih liccii ex]ilaiiipd on file hypotbefliR of reRonanfc interaction .s botwoeii 
two excited atoiiiR of l.be (deiiieiif J( bus boon jiointed out tliat, aceordiiiK to fbis hy|)othoHifi, 
flic luaxiinuiii H(‘]jHrafion lief ween the eomi)oiienf.s of the tniiiRiuitted doublet m the case 
of fJ ‘2 line of .sod nun would he 1 wooe tluit in the case of the Di line. This agrees fairly with the 
relative valuos of tlu' luaxiiuiini separation between the eonqionenfs of the doublets in fhese 
cases, re|iorfcd prc'viously 

INTRO DUCT ION 

Tl was observed by KasMia (1949, 1953), that when alniost inonoehroniatif 
vesoiianee radjation of sodium and niercurv are filtered through vapour* of 
the eorrespoudiiig elements at different temperatures and pressures, theresonanee 
lines are not fully absorbed by the vapours and the transmitted lines appear as 
weak doublets It was also found that the separation between the intonsity- 
rnaxinia in the doublet in each case increases tvith increase in the pressure of the 
absorbing vapour and their iutensity decreases rapidly with the increase in the 
sepaiatioii. It was further ohsei-vcd that the separation between the two compo- 
nents of the doublet observed in tlie case of D, sodium was about one and 

half times that in the ease of the line. It has been concluded, from these 
results, that fluorescenoe radiations of changed frequencies, not jiresent in the 
incident raiiiations, are treated during the process of ahsoiqition and re-emission 
of the absorbed radiations by atoms of the absorbing vapour at suitable pressures 
ft was pointed out that the change in the frecpiency observed in th^e eases are 
rnueli larger than those due to Bopplcr effect and Van dor Waals forces. 

As a qualitative explanation of the change of frequency of the re-emitted 
resonance line it was suggested that the emission might have taken place at the 
instant of collision between ihe excited atom and another neighbouring atom. 
In the present paper, the problem has been examined from quantum mechanical 
point of view and attempt has been made to explain the observed change in the 
frequency of the transmitted lines in the different cases. 

♦Commnnicatod by2Prof. S. 0.[Sirkar. 
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TNKLXJifiNOE OF RESONANCE BETWEEN TWO N E 1 0 U - 
^ BO It RING KXOiTED ATOMS ON THE FREQUENCY OF 
EMn’TRDRADlATlON 

If a photon of proper froqueupy is iucideiit on a system coiisistiug of two 
atoms close to each other, one of the atoms may be excited through absorption 
of the radiation, but it is difficult to aswrtain which of the two atoms is excited. 
Hence a retjonanoe between the two atoms takes place. As a result, the energy level 
of tho normally excited atom is slightly changed. I’he magnitude of this pertur- 
bation has been worked out by Margenau and Watson (1936) They have also shown 
that, due to variation in the distance of approach between the two interacting 
atoms, the perturbed energy state.s of the .system containing the two atoms, 
instead of being descrete^ are broadened symmetrically about, its unperturbed 
position If now continuous radiation is incident oii the system consisting of 
.such a pair of atoms the absorption of radiations by the pair would take place at 
frequencies slightly different from the frequency corresponding fo th(‘ normal 
excited energy level of the atom. 

Til the present case, however, only the resonauce radiation of definite fve- 
(picncy was incident on the atoms of the absorbuig vapour, and therefore, any 
pair of atoms in resonance could not be excited by this radiation The isolated 
atoms, howTver, eould absoi’h the radiation and pass on to the excited state. 
We can postulate the following prociess of emission by the exc/itod atoms, in which 
a change in the wavelength of the emitted radiation can lie produced by tlie 
influence of the neighbouring atoms on each other. 

Lot us consider two such atoms 1 and 2, excited by absorption of resonance 
radiation iuoidont on them while they were sufficiently apart from each other, 
and also, that at a c-ertaiu instant before one of the tivo atoms is about to radiate, 
they conic sufficiently close enough. Such an assumption is justified, as would 
he cvifleut from the follo^^^llg considerations • 

Corresponding to the pressure of the absorbing mercury vapoiii- at 37;rK, 
the number of atoms per c.c. is about 7.10^®, and consequently, the average distance 
between two atoms of mercury is of the order of 500 A.U. Since the average 
velocity of merenry atom at this temperature is about 3.10^ cm/sec., the time 
required for two excited atoms separated by this distance to come close togethoi 
is about 10"^® sec., which is small compared to the life time of 10“’ sec. of tho 
excited state of the mercury atom (Garrett, 1932). Similarly, in the case of sodium 
vapour at about 560°K, the average distance between two neighbourmg atoms 
is about 1000 A.U., and as the average velocity of the sodium atom at this tempera- 
ture is about 10® om/se( 5 , the time reqidrcd for two excited atoms of sodiuni 
separated originally by this distance to come closer together is about 10“i®sec. 
' This is small compared to the hfe time of the excited state which is about 10'® 
sec (Minkowski, 1926). 
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If we eDiisider that the two excited atoms form a system, the system may be 
described by the composite wavefunction where ^'(1) and ^'(2) are 

the excited state wave lunctions of the isolated excited atoms 1 and 2 respectively. 
There are two possibilities by which the system can return to the unexcited state. 
Either, both the atoms may radiate simultaneously or, they can do so one after 
anothei. Since the probability of the first process is small, we shall consider 
the second process only. In this case, an interniediate state of the system may 
be represented by eitlier of the two following wave functions (Margenau and Watson 
1936), 

^ ^ Lvi'(l)!A'(2)-|'!A'(l)f(2)l 

while the final state (jan be written simply as ^{i)\jr{2). The linear ciombination 
of terms like (/r(] )^/''(2) takes account of the fact that eithei' of the atoms may 
finally be in the unexcited state j'epresenied by ^-function without prime. 
As pointed out by Margenau and Watson (1936), 8m.ee the radiation from the initial 
state to the intermediate state and also from this state to the final state takes pla(;e 
through electric dipole radiation, the state given by i/r" is excluded, for the traiisj- 
tioii moments due to transition to and from this state vanish The energy of^the 
initial state of the system, given by |//'(1)^'(2), will be 2A'o, where A'o is the energy 
of the normally excited atom, but the intermediate state will have a perturbation 
energy besides Eq. The change in the energy v as calculated by Margenau and 
Watson (1936) and is given by 

Ae = - ^ I'-ial* for »» = 0 
and Ac = + g lor m = ±l 

where R is the distance between the two atoms I and 2 and the m’s refer to the 
magnetic quantum number of the excited stale, Irjal'-* is given by 

, where Ir, J denotes the linear transition moment, the electronic mass, 
STr^cm, ' 

A the wave length of the resonance radiation, / the oscillator strength connected 
with this radiation and the other quantities have usual significaiKje. 

The oneigy of the radiated quantum will thus be 2EQ—{EQ-^^e) = Ae, 
where Ac has one of the values indicated above. From this intermediate state 
the system ttan return to the ground state with the omission of a further quantum 
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with an energy of slightly different from E^y as shown in figure 1, Thus 

the maxiraiim frequency-shift on either side of the centre of the resonance radia- 
tion, would he cm”^ Since the value of Ae depends on J?, the 

he 

radiated energies of changed frequencies would not he descreto hut would have 



Fig. 1. S-'hDmitio energy levels of a pair of atoms in rosonanoe. 


a continuous nature, for E may have all possible values. It is also evident that 
those events, in which E will have a small value, will be rare compared to those 
in which the value of E is largo, and accordinglj^ the intensity of radiations with 
relatively large frociiioncy shifts will also he small. Moreover, as the probability 
of the exesited atoms coming closer increases with the increase of temperature and 
pressure of the absorbing vapour, the extent by which the frequency of the emitted 
radiation changes also increases. It might, however, be mentioned that the pro- 
babihty of occurrence of the second process w'ould depend on the availability of 
a large number of excited atoms, and therefore, the following conditions should 
be fulfilled: 

(1) The /-value, i.e. the oscillator strength of the resonance radiation of 
the element concerned must be large, and 

(2) the number of atoms per c.c. of the given element at a given temperature 
should be sufficiently high. 

It is seen that Ae varies directly as the value of the oscillator strength and 
therefore, the value of Ac for and lines of sodium should bo different. The 
values of/for Di and Dg lines are 0.333 and 0.667 respectively, and so the value 
of Ae for is expected to be double that for Dj. It is interesting to note, as 
was previously reported (Kastha, 195'3), that actually the separations for Dg ^^*1 
Di are in the’ ratio 3:2. This is in fair agreement with the explanation given 
above. 
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All the radiated energies ef changed wavelengths would not be transmitted 
by the vapour of the absorbing element, but a part of it would be absorbed due to 
reHonancc })roadeniiig of the absorption level of pairs of ucigh>)Ouring atoms 
of the element 

If wo put y - the energy of the radiation emitted, during 

transition from the initially excited state to the intermediate state, is eithci 
oj* as can he seen from figure J. Further, transition from this 

latter state to the unexcited final state creates radiations of energy equal to either 
or 2y. Hence, the radiations due t-o the former transition can not 
be absorbed by a pair- of atoms in resonance and separaferl by the same distance 
R as 111 the (“.ase of emission, although there is some probability of absorption'- 
of the radiations due to transition from the intermediate state to the ground state. 
Even 111 the latter ease, some fraction of the total intensity will escape, Hence, 
the maxmnim separation between the coinponents of the transmitted radiations 
i.s expecterl to hf' 4y//rr- rm~^^ If the obsci-vatioji is made in a particular rlirer-tion, 
Avhde the radiation takes place m all directions, the intensity is expected to be small 
anrl this may be another reason for the observed weakness of the doublets. 

It would be interestiug to calculate the distanee of close.st approach botveeu 
two atoms of sodium and between two atoms of merriiry m the respective vapour 
from the magnitude of the sepai-atioiis between the compoiieuls of the 
transmitted doublets observed m these cases (Kastha. 1940, 1058) * 

'Phe value of R is calculated with the help of the following two formulae, 
Av(o,. ■) ^ I 


and 




The values of all the quantities used are m C. G. S. units The calculated values 
of R, together with other relevant data, are given in Table 1 


TABLE I 


Rlcmonl 

Wavelength 
of the 
(lenonanoe 
Jiadiation 
in A.U. 

Oscillator 

Strength 

f 

A>' in 
om-' 

Distance R 
in A.U. 

Na 

.'5895.0(Z>j) 

1/3 

1.126 

60 


. 6899. QfDa) 

2/3 

1.576 

56 

Hff 

2636.0 

1/36 

9.3 

R.2 
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It IB seen from the above table that the value of R in the case of mercury 
is much smaller than that observed with sodium. Though the vapour pressure 
of mercury (.273 mm) at 373“K is much larger than that of sodium at 563®K 
(9.1 X 10“® mm), this alone may not be sufficient to explain the small value of R 
obtained in the former case. However, in the investigation with resonance radia- 
tion of mercury, the abBoi*|)tion cell through which the radiation was filtered 
contained nitrogen at a pressure of about one atmosphere (Kastha, 1949), and the 
small value of R may be due to local inhomogeneity in the distribution of atoms 
in the mixture. 
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EFFECT OF ANNULAR SOLAR ECLIPSE OF I9TH 
APRIL, 1958 (AT SUNRISE) ON THE Fa 
LAYER OF THE IONOSPHERE 
S. N. MITRA 

Rebeabch Depakxment, All India Eadio, New Delhi 
AND 

B. C. NARASINGA RAO 

Senioh SciEt^TTFic Assistant, O.S.I.R., All India Uadio, Thivandbum 
[Recevuid, Octobtir 30, 1959) 

ABSTRACT. Tho papor doscribes tho oiToci of the annual Solar Eclipso ol‘ 19th April, 
1958 on tho ioni,9ation density of tho layer over Trivandrum, Tiriu'hirapalli and Madras 
(South India) Tho oclipso orcurrod near sunrise at all the throe places and its magnitude 
at maximum phase was 75 to 83%. Analysis of (JoF.j)2 values diirinf^ control period ard 
ocliiiae day showed a marked decreaso m the ionisation doiiaity witli the jJi’ogross of the echpso 
nt all the thieo places. Theoretical oonsidei ations ol the effect of an eclipse at sunrise on 
tho ionisation density of tho 1^2 layer are discussed which have also led 1o tho determination 
of tho value of attacluiiont co-efficient at 350 km. as approxmiately 10“^ soc'J ovor Trivan- 
drum. 


INTRODUCTION 

It IS wel] known that an eclipse of the sun produces a decrease in the ionisa- 
tion density in the E and layers. But such an effect is not so clearly marked 
in the F™ Ifl'.yer, nor it is expected to be so from theoretical considerations. How- 
ever, when tho eclipse occurs around ground sunrise at any particular location, 
interesting results can be obtained of its optical effect on the Fg layer. The 
annular solar eclipse of 19th April, 1958 occurred near sunrise in the south of 
India and special investigations of the ionosphere were carried out at Trivandrum, 
Tiruchirapalli and Madras Stations of All India Radio. The present paper deals 
with these observations. The circumstances of the eclipse are shouii in Table 
I below. 

It would be noted from Table I that the eclipse occurred very near to ground 
sunrise at all the three locations. Ionospheric observations have also shown 
interesting results 

EXPERIMENTAL PROCEDURE 

The equipment for ionospheric observations at all the three places are exactly 
identical. The pulse transmitter is manually operated and is capable of sweeping 
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through a frequency range of 1.5 to 18 Mc/s. The radiated power is of the order 
of One kilowatt. The echoes are received in a receiver modified for pulse reception 
and displayed on a cathode ray o.scillograph in the usual way. A height calibrator 
provides height marks at intervals of 40 or 20 km. A suppressor unit has been 
provided to suppress the strong ground pulse for facilitating the measurement of 
E layer characteristics. The transmitting and the receiving aerials are con- 
ventional inverted deltas oriented at right angles to each other. 

The effect on the Eg layer of the solar eclipse of 19th April 1958 was investi- 
gated in the following way. The control period was taken as 8 days each pre- 
ceding and following the eclipse day. The half hourly measurements of layer 
heights and critical frequencies of E and Eg layers for this period were utilised 
as (iontrol observations. On the eclipse day itself, measurements were taken once 
every 15 minutes, (The accuracy in height measurements was ‘>r. ±10 

km and critical frequency ±0.1 Mc/s). Moasuremonts on E layer were vitiated by 
the appearance of Es and those on the Eg layer mil only bo discussed. 


TABLE 1 

Circumstances of the eclipse of 19tli AjiriJ ’58. 



Trivandrum 

Tiruchirapalh 

Madras 


(8"29'N, 16^51'E) 

(10^49'N, 78'’42'E) 

(IS'OO'N, 

Eclipse begins 

0604 1ST 

0606 1ST 

0609 1ST 

Eclipse inaxiinuui 

0711 .. 

0714 „ 

0718 ,, 

Eclipse ends 

0829 

0834 

0838 „ 

Ground sunriao 

0612 „ 

0603 „ 

0555 „ 

Magnitude 

83% 

79% 

73% 


(1ST = GMT + 5 

houis). 



RESULTLS 



The average behaviour of the Eg layer is determined from the observations 
during the control days (±8 days centred on the eclipse day) and compared with 
those on the eclipse day. The layer heights did not show any significant bohavioui- 
and therefore, only Eg values will bo considered. 

(a)^ Trivandrum 

Eigui'e 1 shows the variation of (foE^)'^ from 0430 to 0930 1ST on the control 
days and on the eclipse day. The eclipse and sunrise timings are indicated in 
the figure. It would bo seen from this figure that there was a steady and rapid 
increase in ionisation from about 0530 to 0830 1ST during the control period. 
This type of rapid increase in early morning is well known at equatorial latitudes 
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and 18 also regularly observed at all the three stations. The day-to-day variation 
IB only in the level of ionisation. On the eclipse day, the initial level of ionisation 



Kip 1 Variation oi ion cleiiRiiy, Trivandrum 

# 

was itself high as would be seen from figure 1. At about 0600 1ST, the iomsatioii 
density started ineieasmg and followed its usual trend iipto about 0630 JST 
Thereafter, it reniaiiied more or less stationary as the eclipse })rogresHed. It 
showed a slight decrease at 0715 1ST Thus, the usually observed rapid rise in 
the ionisation density was arrested with the obscuration of the solar disc. During 
the recovery period i.e after the inaximuni of the eclipse, there was a rapid in- 
crease in ionisation density to reach the normal level by about 0000 1ST. It may 
be noted that the decrease in ionisation density near the maximum of the eclipse, 
as compared to the level on control days, is quite considerable. 

(6) Tiruchirapalli 

Figure 2 shows the variation of (foFjj)® for Tiruchirapalli. The ellipse timings 
were a few minutes later than those at Trivandrum. The same trend, as observed 
in the case of Trivandrum, is also apparent here; the initial level of ionisation was 
high on the eclipse day, it remained practically constant from 0646 to 0746 1ST, 
a small decrease at 0800 1ST and thereafter a. rapid rise to a constant level at 
0846 1ST. During the control period, there was a steady but rapid increase in 
ionisation density from 0600 to 0830 1ST which is, however, a regular feature 
at this station. The minimum in ionisation density occurred about 45 minutes 
after the eclipse maximum. Here also, the decrease in the ionisatian density 
with the Qnsei< and progress of eclipse was quite considerable. 
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(o) Mtidms 

Figure 3 shows the variation of (foFa)® for Madras and the same trend in 
the behaviour of the ionisation density was observed as was in the case of Tri- 
vandrum and Tiruohirapaili. On the eclipse day, the values of foF^ at 0430, 



Time (1. S. T.) — »■ 

Fig. 2. Vuriation of ioH donHity, Timohiiapftlli. 



Time (I. S, T.)— ► 

Pip. 2 Varifttion of ion density, Madras. 


0445, 0616, 0546 and 0615 1ST were doubtful and have been excluded from the 
mean curve. During the control period, the ionisation density increased rapidly 
fipom 0630 to 0900 1ST. On the eclipse day, the increase was maintained till 
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0645 and then the ionisation decreased gradually to reach a minimum i.t- 0745 
1ST. Thereafter, the increase was rapid till a constant level was reached at 0900 
TST. The minimum in the ionisation density was quite considerable and wap 
displaced from the eclipse maximum by about 27 minutes. 

DISCUSSION 

It is apparent from the variation of ^hown in figures 1, 2 and 3 

that the eclipse did bring down the ionisation density along with the obscuration 
of the solar disc. It is also noticed that the ionisation density did not vary very 
appreciably as the solar disc was gradually covered and its minimum did not 
coincide with the maximum obscuration. But in all the tlnee cases, the increase 
hi ionisation density had been very rapid soon after the maximum of the eclipse. 
As the eclipse had octauTed shortly after sunrise, the difference in the behaviour 
of ' the ionisalion before and after the maximum of the eclipse can be explained 
(pialitativcly in the following way. Durhig the obscuration of the solar disc, 
though the intojisity of the solar radiation was gradually decreasing Cos x (A^ “ 
solar zenith angle) was on the increase. These two effects wore apparently balanc- 
ing each other so as to retain the ionisation density at a fairly constant value. 
On the other hand, after the maximum of the eclipse, both the intensity of radia- 
tion as well as cos;\f were increasing voth the result that the ionisation density 
showed a rapid rise. 

We have mentioned earlier that the effect of eclipse in the Fg layer of the ionos- 
phere has not boon so regularly observed as in the case with the E and layers 
But when the eclipse occurs near ground sunrise the situation is different and a 
clear effcci on the Fg layer should be observable, Wells (1952) has reported well- 
marked effects of solar eclipse of September 1, 1951 which occurred near sunrise 
along the coast of United States. 

It is interesting to note that the variation in the ionisation density during 
the progress of the eclipse, as observed by Wells, is very similar to what has been 
observed by us and described in this paper. Theoretical hiterpretation of the 
effect of eclipse near sunrise is discussed below. 

The ionisation density of the Fg layer at times other than sunrise is not wholly 
determined by x greatly influenced by large scale movements of electrons. 

Ratcliffc (1 956) has shown that if the electrons in the Fg layer disappear by attach- 
ment process, its co-efficient y varying with height, being given by 

y(Z) = 10-‘exp [ ... (1) 

then the time constant of the electrons at different heights would be 3 ^oiirs 
Aft, 300 km, 7.5 hours at 350 km and 20 hours at 400 km. In the pressnt ea^, 
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the eclipBo lasted for about 2 hours and the layer height was about 350 km. Thus, 
if the same considerations are to hold good, the effect of the eclipse should be nil. 

But the eclipse occurring near sunrise brings about a significant differ- 
ence. Assuming that the peaks electron production rate is at the height(Z^) of 
maximum electron density {N^) as m a Chapman layer, the variation of 
with time during solar eclipse is goveme<l b^" : 

-- c-oh X -- y{Z.,)NJl) ... (2) 

Where A fraction of the solar disc exposed, 

(^0 “ l)eak electron production rate when the solar rays are vertical. 

The motion of electrons in the Fj layer represented by a function gives 

an additional term (Batcliffe, 1956). But near sunrise, ja large 

and y{Z„,)Nfn(t) and M{t) are small, so that is mostly determined by AQ^ 
cos X Thus, when an eclipse occurs near sunrise, its effect should manifest 
itself m a distinct decrease of the ionisation density in synchronism with the 
obscuration of the solar disc. 

It will be noted from figure I that t=si 0 from 0630 to 0715 1ST. 

dt 

Fiom equation (2) w'e get, for this time interval, 

AQ^ cos A' - y(ZJ . ... (3) 

Assuming probable values of ^q, y(Z^) was found to be of the order of 10 sec~^ 
when the height of the maximum ionisation density was 350 kra. This value of 
the attachment co-efficient i.s in good agreement with the same obtained 
elsewhere. 
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A NOTE ON THE SPECTRUM OF Br IV 

Y. BHUPALA RAO 

0. N. G. Commission, Dehua Dun 
{Received, November 21, 1959) 

With the help of the extensive data on the spark speotruni of broimue 
obtained in connection with the analyses of Br II and Br III spectra (Bhupala 
Rao, 1956 and 1958), an attempt has been made to extend the analysis of the 
spectrum of trebly ionised bromine, which was worked out only partially by 
A. S. Rao and S. G. Krishna Murty (1934). A few additional lines have been 
classified and the scheme of classification suggested previously has been observed 
to be correct. The newly classified lines are listed below . 


TABLE I 


Intensity 
Cond. dis. 

X (air) 

k 

p (vao ) 
em“i 

Clossidoation 


3 

3380.56 

30473.9 

!)s 

3Pi)a 


7H 

2907 71 

34361.3 

5s 

apo. ~5p 

sDs 

0 

2874.67 

34777.6 

5s 

spOi —5p 


6 

2842.88 

35165.3 

5s 

3P0j 

Ws 

8 H 

2772.62 

36056.4 

5s 

sPOq —5^ 

3D, 

7 H 

2.570.83 

38886.3 

4d 

apoj 

“Pi 

5 

2411.64 

41462.9 

4d 

3P0i ^5p 

aPa 

7 

2257.24 

44288.1 

4d 

aPOn -5p 

3^3 

7 

2204.50 

45347.6 

4d 

3p0g — 6jp 

“Pa 
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Calculated with rea-poct to the ground level as zero the newly identi- 

fied levels are 


5p -- 216674 
388 
- 217062 
3907 
== 220969 
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ON THE MAGNETIC PERTURBATION OF AN 
ELECTRON BEAM 

S. YAMAGUCHI 

The Ikstitutb ok Physical and Chemical Reseakch, 31 Kamifuji (Hongo), Tokyo, 

Japan 

(Received!, November 12, 1959) 

A sharp edge of the usual razor blade of hard steel was employed, as a specimen 
for the experiment. The remanence of this specimen was about 10^ gausses. 
A fine electron beam (diameter of the cross-section being 0.05 mm nearly) grazed 
the edge of the specimen of the maximum gradient of the magnetic ^field. An 
electron diffraction pattern here obtained is shown in figure 1 . In this figure we 

see that the diffraction rings are abnormally perturbed. The central spot found 
in figure 1 was optically 12 times enlarged in order to investigate the perturba- 
tion suffered by the incident beam in passing through the magnetic gradient 
This perturbation is recognizable in figure 2. In this figure we see that a unique 
incident beam is splitted into many a beam. This singular phenomenon should 
be elucidated in the present study. 
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Fifi 1. Dilfnirti on ]HiUerri obtained from the edge of poniianent iiiugnet The 
diffi action niigr^ aio perturbed. (Wavelength. 0.0328 A Citinera- 
longt-h : 40.T ram. I’oHitive enlarged 2. 3 timeH) 


Jt is known that an electron beam spreads m passing through a niagnotii- 
field with grtidient As a matter of fact, all the splitted beams found in figure 2 



Fig. 2. The central spot in figure 1 is 12 times enlarged. The incident beam 
is splitted into many a beam. 


show' the bpreading. From this spreading, AZ, we can estimate Jihe magnetic 
gradient | dHgjdZ] existing at the edge of the specimen according to the following 
equation: 


^Z = e 


dH, . y ML 
~dz * ^ ■ h 


... ( 1 ), 


where c is the electron charge (1.6 xlO-*" emu), is the diameter of the cross- 
section of the intact incident beam, A is the wavelength of the electrons (0.0328)A, 
is the magnetic path of the electrons (about one micron), L is the camera length 
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(495 inni), and li is the Plank’s constant (6.6xl0~^^ erg. sec). In figure 2 we 
measure AZ/AX es; 3. Therefore, we obtain j j 10® gauss/cm. This 

magnetic grarlient is steep enough to polarize the electrons accordhig to the Stern- 
Gerlach s process. The separation between the parallel and the antiparallcl 
electron spin, which results from the Stern-Gerlach’s process, is given by replacing 
AX by A in Eqn. (1). Therefore, the force for this separation is weak as compared 
with that for the sprcjiding caused by the magnetic gi'adieut so that the former 
IS overwhelmed by the latter. This implies that the spin separation cjan not 
directly be observed in the present iirocess (1). 

Any sphtted electron beam observed in figure 2 contains the polarizorl elec- 
trolls. As there are many fine zigzag edges in the specimen (figure 3), a re- 



t’ig. 3. Any splittod beams in figure 2 contains tlie polarized electrons. A 
repulsion ocours between the polarized electrons. 

pulsion occurs between the polarized beams, which correspomls to a repulsion 
between the magnetic moments, lu figure 3, the sign of the arrow means the 
spill directions contained in the polarized beams. In this way the splitting of 
the electron beams in figure 2 is elucidated as the indirect result of the polari- 
zation caused by the behaviour of electron spin. 
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